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Abstract 
 
Background: Historically, many reference lines and planes of the human skull have been used in 
an attempt to depict the head in a natural head position (NHP) which is a relaxed/balanced position 
when looking ahead at their eye level. Head position correction has been attempted in fields such as 
anatomy, art, anthropology, orthodontics, oral and maxillofacial surgery, plastic surgery, and 
forensics. In orthodontics, oral and maxillofacial surgery, and plastic surgery, corrected head 
position (CHP) is particularly important for diagnosis of the normality/protrusion/retrusion of the 
patient’s facial skeleton. Usually a single plane, such as Frankfurt horizontal, is used to correct 
head position, but its angulation is variable between individuals, because each individual’s anatomy 
is unique. It has been found previously that the Neutral Horizontal Axis (NHA), Frankfurt 
horizontal (FH), Krogman-Walker plane (KW plane), and Palatal plane (P plane) demonstrated 
near parallelism, and these planes averaged -1 to -2 degrees from the true horizontal (HOR, which 
is a horizontal plane determined as being perpendicular to the earth’s gravitational force) with 
subjects in NHP.   
 
Methods: Craniofacial planes were measured in an Aboriginal Australian sample and in two 
contemporary samples obtained from Australian orthodontic practices, and the findings were 
compared with previous studies. Each sample consisted of 40 individuals (20 males and 20 
females) with subjects in NHP. The Aboriginal Australian sample was longitudinal (T1, mean age 
10 years; T2, mean age 14 years, and T3, mean age 18 years) enabling NHP to be assessed over 
approximately 8 years. A soft tissue Ear - nose plane (EN plane) was also investigated.  
 
Results: NHP reproducibility over 8 years demonstrated a mean of absolute difference of 2.9 
degrees, with a range of differences from -7.9 to 8.2 degrees and a standard deviation of differences 
equal to 3.6 degrees. The Neutral Horizontal Axis (NHA), Frankfurt horizontal (FH), Krogman-
Walker plane (KW plane), and Palatal plane (P plane) demonstrated near parallelism with each 
other, and averaged between 0 and -3 degrees from HOR. On average, EN plane was horizontal but 
was variable.  
 
Conclusions:  NHP is not consistently reproducible at the individual level. For hard tissue 
images, the combined use of NHA, FH, KW plane, and P plane enables prediction of CHP. 
Additionally, the rectangular shape of the lower orbit - nasal airway region appears to be useful for 
correcting head position. In facial soft tissue images, EN plane in combination with other visual 
factors helps to correct head position. Simple geometry enables this head position correction to be 
performed from any view of the head where relevant landmarks are seen.   
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Historically, many reference points, lines, planes, and shapes of the skull have been 
used for: 1. anatomy, artistic, and architectural work; 2. studying the growth of an 
individual over a period of time; 3. diagnosis of an individual at a single time point; and 4. 
comparison between different individuals. 
An anatomical line connects two anatomical points. An anatomical plane touches 
three or more points just as a table top touches its legs. In living humans, anatomical lines 
or planes of the head and neck can be viewed from different perspectives using current 
radiographic technique such as cone beam computerised tomographic scans. In this thesis, 
anatomical lines or planes and natural head position are examined using lateral 
cephalographs and profile photographs. Perspectives, other than lateral, are also discussed. 
The importance of correcting head position for patient diagnosis and for ‘before, during, 
and after’ comparisons is also discussed.    
 
I.1.1 Anatomy, artistic, and architectural work   
   
Certain proportions were used to assist artists and anatomists in drawing pictures of 
the human form. Often lines were seen on pictures of humans such as those seen in the 
work of Leonardo da Vinci, Albrecht Dürer (1471-1528) (Figures 1 and 2), Vitruvius, and 
Michelangelo (De Coster, 1939).   
 
 
Figure 1. “The face of a Madonna by Albrecht Dürer. The lines of proportionality are 




Figure 2. “Drawing by Albrecht Dürer. The painter endeavors to show the variation of the 
facial features in the three forms of faces.” (De Coster, 1939, p. 4) 
 
Many arched/oval/rounded shapes exist in craniofacial structures such as 
dentoalveolar arches, the zygomatic ridge and arch, the cranial vault, teeth and roots, 
cervical vertebrae, the odontoid peg, the mandible (eg. view from above or below, sigmoid 
notch), the glenoid fossa, orbits, foramen magnum, and the list continues the more one 
looks at a skull and vertebrae. There are relatively few line angles, but there are 
predominantly rounded areas, suggesting a naturally strong association with rounded 
structures. An example of architecture exhibiting arches and rounded structures is Roman 
architecture. This is demonstrated in structures like the Colosseum, the Arch of Titus, and 
Saint Peter’s Basilica. Were parts of these structures deliberately based on the anatomy of 
the human skull and vertebrae? 
Marcus Vitruvius Pollio (born 80-70 BC, died after 15 BC) was a Roman writer, 
architect, and engineer. His skills served the Roman military most likely as the chief 
ballista (senior of artillery) under Julius Caesar. As an army engineer he specialized in the 
construction of ballista and scorpio artillery war machines for sieges. Vitruvious is well 
know for his ten books of architecture, De architectura which is dedicated to the Emperor 
Augustus and is the only surviving major book on architecture from classical antiquity. In 
De architectura Vitruvious states that an architectural structure must exhibit firmitas 
(strong or durable), utilitas (useful), and venustas (beautiful). He says that architecture is 
an imitation of nature. Humans constructing houses from natural material is like birds and 
bees building their nests. Classical orders of architecture are Tuscan (Roman), Doric 
(Roman and Greek), Ionic (Roman and Greek), Corinthian (Roman and Greek), and 
Composite (Roman). Vitruvious described that the principal source of proportion amongst 
the orders of architecture is the proportion of the human figure. Leonardo Da Vinci based 
his 1492 drawing of the Vitruvian Man on some correlations of ideal human proportions 
with geometry in Book III of the treatise De Architectura. The Vitruvian Man  
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demonstrates the blend of art and science during the Rennaisance and is a good example of 
Leonardo’s keen interest in proportion. The picture represents Leonardo relating man to 
nature. He believed that the workings of the human body are analogous for the workings of 
the universe (Field, 2007). According to Leonardo’s mirror writing, the Vitruvian Man is a 
drawing of the proportions of the male human body as described by Vitruvious who wrote 
that in the human body: 
- a palm is the width of four fingers 
- a foot is the width of four palms (ie. 12 inches) 
- a cubit is the width of six palms 
- a man's height is four cubits (and thus 24 palms)  
- a pace is four cubits  
- the length of a man's outspread arms is equal to his height  
- the distance from the hairline to the bottom of the chin is one-tenth of a man's height  
- the distance from the top of the head to the bottom of the chin is one-eighth of a man's 
height  
- the maximum width of the shoulders is a quarter of a man's height  
- the distance from the elbow to the tip of the hand is one-fifth of a man's height  
- the distance from the elbow to the armpit is one-eighth of a man's height  
- the length of the hand is one-tenth of a man's height  
- the distance from the bottom of the chin to the nose is one-third of the length of the head  
- the distance from the hairline to the eyebrows is one-third of the length of the face  
- the length of the ear is one-third of the length of the face. 
 Leonardo is clearly illustrating Vitruvius' De Architectura 3.1.3 which reads: 
The navel is naturally placed in the centre of the human body, and, if in a man 
lying with his face upward, and his hands and feet extended, from his navel as the 
centre, a circle be described, it will touch his fingers and toes. It is not alone by a 
circle, that the human body is thus circumscribed, as may be seen by placing it 
within a square. For measuring from the feet to the crown of the head, and then 
across the arms fully extended, we find the latter measure equal to the former; so 








I.1.2 Growth of an individual over a period of time  
 
When Hofrath in Germany and Broadbent in the United States of America 
introduced radiographic cephalometrics in the early 1930’s, the original purpose was 
mainly to study growth patterns of individuals (Broadbent, 1937; Proffit et al., 2000). An 
individual at different skeletal ages would have different sizes and shapes of their head and 
neck bony anatomy mainly due to growth. In order to discover the magnitude of the 
growth, the images need to be superimposed. Unfortunately, like elsewhere in the human 
body, there are no ‘golden’ points or locations which can be registered within a younger 
and older individual. The most stable points would be ideal, but stability is difficult to 
determine when the reference points are not stable themselves (Brodie, 1941; Coben, 
1998). In Broadbent’s (1937) ‘The face of the normal child’, he superimposed images on R 
point. From the Bolton-nasion plane a perpendicular is extended to Sella. R (the 
registration point) is the point at the middle of the perpendicular (Figure 10). In 1959, 
Muller (cited by Fränkel, 1980) suggested that the growth of a treetop should be assessed 
from the junction between the trunk and the top, rather than from a twig in the periphery. 
This was suggesting that the growth of the skull should be assessed from structures of the 
occipital bone around Foramen Magnum, rather than, for example, the sella-nasion line. 
Accordingly, Fränkel (1980) developed an occipital reference system, using the structures 
of the occipital bone around the Foramen Magnum for lateral cephalograph 
superimposition to assess growth of the head and analyse functional therapy treatment 
(Figure 3). The key reference point is O’ which Fränkel (1980, p. 379) defined as, “The 
intersection of the ventrocaudal contour of the occipital bone and the anterior outlines of 
the occipital condyles…” Patients were in natural head position (NHP) and the true 
horizontal (HOR) passed through O’ (Figure 4. See p. 10 for NHP and HOR definitions). 
  
 
Figure 3. Lateral cephalograph showing landmarks used in Fränkel’s (1980, p. 382) 
occipital reference base. “The anterior arrow points to the landmark O’. The posterior 




Figure 4. One of Fränkel’s (1980) tracings showing the key reference point, occipital point 
(O’). The patient in NHP is marked on the face with two barium points. These are 
transferred from the lateral cephalograph onto the tracing (K’ and K”) at the same angle to 
HOR that they were in the photograph. HOR passed through O’. O” is a point on HOR 
approximately 1cm posterior to the posterior contour of the skull.  
 
It is interesting to consider superimposition on the cervical vertebrae. Individuals 
may naturally tilt their head and/or neck forward or backward, creating different 
craniovertical/craniohorizontal, craniocervical, and cervicohorizontal/cervicovertical 
angles (Solow and Tallgren, 1971; Solow and Sonnesen, 1998). The further any point is 
away from the area that the skull tilts forward or backward around, ie. occipital condyles 
and superior articular facets of cervical vertebra 1 (Atlas) region, the less reliable it is. 
Using points around the base of the skull would reduce this problem. 
In addition to normal growth and development, other factors which may change the 
size, shape, and position of anatomical landmarks between individuals’ lateral 
cephalographs at different ages are multifactorial. These include pathology, orthodontic 
and/orthopaedic treatment, habits, trauma, and gender. Limits may be set to rule out some 
variables. 
Every structure in the body changes during growth and development. Remodelling 
and adaptation of soft and hard tissues continues throughout life. Superimposition on any 
structure will be somewhat misleading due to that structure’s own changes. For example, 
superimposition on the lower anterior cranial base can create an excessive vertical and 
reduced anterior appearance of facial skeletal growth due to antero-superior growth of the 




I.1.3 Diagnosis of an individual at a single time point  
 
The current study is not aimed at examining growth and development. It is related 
to diagnosis of an individual at a single point in time. Comparing craniofacial anatomy 
between different individuals poses difficulties due to the probability of different 
anatomical types. For example, Sassouni (1969) classified different facial skeletal types. It 
was shown by Huggare and Houghton (1996) that different cervical anatomy is related to 
cranial base angulation and face types. The relationship between cranial base flexure and 
the skeletal pattern of the jaws seems to be established before the age of five years 
(Klocke, et al., 2002).   
The rest of this review includes a history of some reference planes. Natural head 
position (NHP), corrected head position (CHP), the true horizontal (HOR), and true 
vertical (VER) are defined, followed by CHP’s relevance to orthodontics and dentofacial 
orthopaedics. CHP’s relation to this study is highlighted and concerns the aims of this 
study. 
 
I.2 History of some reference planes 
 
Krogman (1951) categorised skull planes into four main groups (see original article 
for detailed skull plane description): 
  
I.2.1 Resting horizontal planes 
 
Resting horizontal planes are derived from seating crania on a flat horizontal 
surface. Viewing is from the left (lateralis sinistra) (Figure 5).  
 
 
Figure 5. “ “Resting” planes (horizontal).  1, Blumenbach’s Plane; 2, Von Baer’s Plane.” 
(Krogman, 1951, p. 407)  
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I.2.2 Planes using various craniometric points  
 
Unlike the first category, these planes have precise construction points. The finding 
of Pithecanthropus calvarium in 1891 - 1892 by Eugẻne Dubois in West Java, Indonesia, 
probably led to development of these planes so that fragmentary crania could be compared 
(Figure 6).   
 
 
Figure 6. “Planes using various craniometric points.  1, Broca’s Plane; 2, His’ Plane; 3, 
Martin’s Plane; 4, Huxley’s Plane; 5, Hamy’s Plane; 6, Schwalbe’s Plane; 7, The 
Anonymous Plane; 8, Schmidt’s Plane.” (Krogman, 1951, p. 408) 
 
I.2.3 Planes centring upon the external auditory meatus  
These planes focussed on serial growth superimposition and analysis (Figure 7). 
 
 
Figure 7. “Planes centering upon external auditory meatus.  1, Camper’s Plane; 2, Von 
Ihering’s Plane; 3, Pycraft’s Plane; 4, Montagu’s Plane; 5, The Frankfurt Horizontal; 6, 
The “Nasion Parallel” Plane, of Krogman and Todd.” (Krogman, 1951, p. 410) 8
In 1768, Peter Camper (cited by Bjerin, 1957, p. 1) defined one of the first planes 
of reference for facial analysis. “The Camper plane passes through the external auricular 
canals and the nasal wings...” Camper’s facial angle (1791) measured the inclination of the 
facial profile as the angle between the plane formed from the middle of the external 
acoustic meatus to anterior nasal spine and a line tangent to the forehead and face (cited by 
Brown, 1965). (Fig. 8) 
Figure 8. Camper’s plane and facial angle (1791). (from Brown, 1965, p. 7) 
In the 1800s, anatomists and anthropologists studied the skeletal remains of 
humans, seeking a horizontal reference plane to orientate the skulls. The Frankfurt 
horizontal was originally suggested by Professor Merkel and used by him and Von Ihering 
in 1872. It was discussed in Munich in 1877 and officially adopted, with a minor change, 
in 1884 (cited by Brown, 1965); the change being the superior movement of the posterior 
landmark from the middle of the external acoustic meatus to its most superior point, porion 
(Po). (Fig. 9)
Figure 9. Frankfurt horizontal (1877) and total profile angle. (from Brown, 1965, p. 7) 
  
                                          NOTE:   
    This figure is included on page 8 of the print copy of  
     the thesis held in the University of Adelaide Library.
  
                                          NOTE:   
    This figure is included on page 8 of the print copy of  
     the thesis held in the University of Adelaide Library.9
I.2.4 Roentgenographic cephalometric planes (Figure 10)   
Figure 10. “Cephalometric Planes  1, Broadbent Plane; 2, Broadbent-Bolton Plane; 3, 
Margolis Plane (sic. Margolis plane is number 2 and Broadbent-Bolton plane is number 
3); 4, Björk Plane.” (Krogman, 1951, p. 412)  
Delattre and Fenart (1960) standardised head position whereby the skull was
orientated so that the lateral semicircular canals of the ear are horizontal. The Vestibular 
Axes was formed. The horizontal axis was determined by the horizontal lateral 
semicircular canals. The vertical axis was perpendicular to the horizontal axis and passed 
through the middle of the lateral semicircular canals (Figure 11). They also created a new 
approach to study prognathism by dividing the facial skeleton into an endo-face and exo-
face. The points of the triangular endo-face consist of internal nasion, prosthion, and 
pterygo-alveolare. The points of the triangular exo-face consist of central orbital point, 
prosthion, and the most inferior point of the mandibular symphysis. 
Figure 11. Delattre and Fenart’s (1960) Vestibular Axes where the horizontal axis was
determined by the horizontal lateral semicircular canals. The vertical axis was
perpendicular to the horizontal axis and passed through the middle of the lateral 
semicircular canals. The endo-face and exo-face is also shown. (modified from Brown, 
1965, p. 13)
  
                                          NOTE:   
    This figure is included on page 9 of the print copy of  
     the thesis held in the University of Adelaide Library.
  
                                          NOTE:   
    This figure is included on page 9 of the print copy of  
     the thesis held in the University of Adelaide Library.10
I.3 Terminology and history of natural and corrected 
head position  
Natural head position (NHP) (Da Vinci, cited by Mathé, 1978; Von Baer and 
Wagner, 1861, cited by Moorrees and Kean, 1958; Broca, 1862, cited by Cooke and Wei, 
1988a; Schmidt, 1876, cited by Moorrees and Kean, 1958; Lüthy, 1912, cited by Bjerin, 
1957; Downs, 1956; Bjerin, 1957; Moorrees and Kean, 1958) is the most balanced/natural
position of the head when someone looks at something at their eye level. Craniofacial 
planes may be compared to true horizontal (HOR) or true vertical (VER) which are 
determined from the earth’s gravity (via plumb-bobs or spirit levels) and transferred to 
photographs or radiographs for analysis.
There has been different terminology associated with NHP throughout the years. In 
the late 15
th and early 16
th centuries, Leonardo da Vinci (1452-1519) (cited by Mathé,
1978) and Albrecht Dürer (1471-1528) (cited by Cooke and Wei, 1988a; also cited by 
Brown, 1965) used horizontal and vertical lines drawn on the human body with models in a 
natural pose to assist with artistic representation and anatomical understanding. Even at 
that early time Leonardo da Vinci’s drawings clearly show lines on the head which divide 
the face into facial thirds. It is fascinating that some lines seem to represent a non-
radiographic Frankfurt horizontal and Krogman-Walker plane. See Figures 21 and 22 for
some points and planes definitions which are discussed in Figures 12, 13, and 14. The 
models appear to be looking straight ahead in a true NHP.
Figure 12. Leonardo da Vinci’s anatomical drawing of the lateral profile of a man. A non-
radiographic Neutral Horizontal Axis and Krogman-Walker plane can be seen. The facial 
thirds are also demonstrated. (Mathé, 1978, p. 28)
  
                                          NOTE:   
   This figure is included on page 10 of the print copy of  
     the thesis held in the University of Adelaide Library.11
Figure 13. Leonardo da Vinci’s anatomical drawings. The drawing at the top of the page 
shows a grid or mesh over the face. It seems to show a non-radiographic Frankfurt
horizontal and Krogman-Walker plane. The lower middle drawings show some interesting 
lines over the face. The middle sketch shows a line close to Camper’s plane. (Mathé, 1978,
p. 27)
Figure 14. Leonardo da Vinci’s drawing of the frontal view of a man. Vertical lines show 
that the intercanthal distance is about equal to the alar-nasal base width, and the mouth is 
as wide as the distance between the right and left medial limbus. The horizontal facial third 
lines can be seen again, and some interesting diagonal lines are also shown. (Mathé, 1978, 
p. 29) 
  
                                          NOTE:   
   This figure is included on page 11 of the print copy of  
     the thesis held in the University of Adelaide Library.
  
                                          NOTE:   
   This figure is included on page 11 of the print copy of  
     the thesis held in the University of Adelaide Library. 
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Horizontal and vertical lines forming a grid on the head have been used in many 
‘mesh’ analyses.  Some examples are De Coster (1939); Thompson (1942); Moorrees 
(1953); McNulty et al. (1968); and Ferrario et al. (1996). Some of these mesh analyses 
show resemblance to Leonardo da Vinci’s drawings. D’Arcy Thompson originally 
described the mesh diagram (1942) and De Coster applied it to orthodontics. Moorrees’s 
mesh (Fig. 15) was different from De Coster’s mesh in the following ways:  
1. Sella-nasion at 5 degrees to the true horizontal (see page 15 for the definition of a 
positive degree) was used instead of Frankfurt horizontal. Moorrees began to use NHP in 
1958.  
2. A hard tissue instead of a soft tissue lower border of the chin was used. 
3. There were less horizontal grid lines.    
        
 
Figure 15. The average facial pattern of 50 North American females determined by means 
of a mesh diagram. The concentric ovals show the spread of the individual measurements 
around the means at the 1 and 2 standard deviation limits (Moorrees, 1953). The 4 by 4 
mesh arrangement is similar to Leonardo da Vinci’s shown in Fig. 13, but Leonardo’s is 
more 5 by 4, including the soft tissues such as nose, lips, and chin. 
 
Broca (1862) defined the natural posture of the head as the posture of the subject 
when standing with his visual axis horizontal (cited by Cooke and Wei, 1988a). Von Baer 
and Wagner’s (1861, cited by Moorrees and Kean, 1958) method of registering natural 
head position involved the subjects sitting relaxed on a stool and looking at their eyes into 
a round mirror positioned at their eye level.   
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Schmidt (1876) described the natural position of the head, with the eyes focused at 
the horizon, to be determined by muscular control (cited by Moorrees and Kean, 1958, p. 
221). He also realized that different operators could view ‘correct’ head posture differently. 
He used a “self position” where subjects were in a NHP, and a “corrected head position” 
(CHP) where each subject’s head position was adjusted by the operator if it was not 
thought to be in NHP. (Fig. 16)  
 
 
Figure 16. E. Schmidt’s (1876) frame with an attached protractor and plumb line to 
determine the relation of Frankfurt horizontal to the true vertical and therefore the true 
horizontal (as shown in Moorrees and Kean, 1958). 
 
Downs (1956, p. 193) used NHP instead of the Frankfurt horizontal to assess 
profiles. He described NHP as “…when a person is in a natural free balance of head 
posture.” Downs (1956) found HOR - FH to equal 1.3 degrees on average in 100 children. 
Photographs were taken of the lateral profile of the children, and porion was determined by 
using the superior margin of soft tissue accoustic meatus and orbitale by palpation through 
the soft tissues. This soft tissue acoustic meatus is located inferior to hard tissue porion due 
to soft tissue thickness and droop from the hard tissues. This can be felt by placing a finger 
in the ear. It is likely that Downs’ soft tissue porion was more inferior to hard tissue 
porion, giving an increased HOR - FH angular measurement.  
Bjerin (1957) studied the variation and mean values of the true horizontal (HOR) to 
the Frankfurt horizontal (FH) and HOR to sella-nasion (SN). He found the mean          
HOR - FH was, on average, approximately -1 degree, and the mean HOR - SN was, on 
average, approximately 5 degrees, both having standard deviations of approximately 4.2 
degrees. Bjerin (1957) used the “Lüthy norm” where “…the position of the head is 
obtained with the subject standing unsupported, with the feet together and the gaze 
directed towards a vertical mirror on which he fixes his pupils.” (Lüthy, 1912, cited by 
Bjerin, 1957, p.2)    
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Leonardo da Vinci has demonstrated that the concept of NHP has been around for a 
long time. Some papers refer to NHP appearing in the orthodontic literature in the late 
1950’s via Downs, Bjerin, Moorrees and Kean. However, this inaccuracy is apparent when 
the late 1950’s papers and Cooke and Wei’s 1988a paper refer to authors like Von Baer 
and Wagner (1861), Broca (1862), Schmidt (1876), and Lüthy (1912). 
NHP has differing terminology. For example, Solow and Tallgren (1976, p. 417) 
referred to the “self balance position” which is “…determined by the subject’s own feeling 
of a natural head balance.” They also defined the “mirror position” which is produced 
“…by the subject looking straight into a mirror.” Following on from Schmidt’s “corrected 
head position” (Schmidt, 1876, cited by Moorrees and Kean, 1958, p. 221) is the same 
concept but referred to as natural head orientation (NHO) by Lundström et al. (1995) and 
Lundström and Lundström (1995). Lundström et al. (1995, p. 537) defined NHO as “the 
head orientation of the subject perceived by the clinician, based on general experience, as 
the natural head position in a standing, relaxed body and head posture, when the subject is 
looking at a distant point at eye level.” Schmidt’s ‘corrected head position’ (CHP) wording 
is used in this study and is preferred over ‘natural head orientation. The “orthoposition” 
was defined by Mølhave in 1958 (cited by Cooke and Wei, 1988a, p. 280) as the “intention 
position for walking.” Cooke and Wei wrote that the orthoposition has been used by Solow 
and Tallgren (1971), Posnick (1978), Vig et al. (1980), and Siersbaek-Nielson and Solow 
(1982). Generally, Lundström et al. refer to NHP as natural head position, and Cook et al. 
refer to NHP as natural head posture. It could even be seen as standardized head 
posture/position. Use of a thesaurus could increase the number of differing terms. 
It needs to be highlighted that the relationship of NHP to craniofacial morphology 
and the relationship of head posture to craniofacial morphology are two different things. 
The first compares anatomical planes of the skull to HOR with the subject in NHP. The 
second compares how different head postures are related to different anatomical types. For 
example, Solow and Tallgren (1976, p. 417) found that “Extension of the head in relation 
to the cervical column was found in connection with large anterior and small posterior 
face heights, small antero-posterior craniofacial dimensions, large inclination of the 
mandible to the lower anterior cranial base and to the nasal plane, facial retrognathism, a 
large cranial base angle, and a small nasopharyngeal space.” The present thesis is 
predominantly concerned with the relation of anatomical planes of the skull to HOR with 





In this thesis the definitions of Lundström
 (1982, pp. 80 & 82) were followed: 
“Flexion of the head: A forward bending deviation of the head from normal posture, or 
from any other clearly defined head position.”  
“Extension of the head: A backward bending deviation of the head from normal posture, 
or from any other clearly defined head position.”  
“Positive and negative inclination of an anatomical reference line: A forward-upward 
deviation from the true horizontal is denoted as a positive inclination and forward-
downward as a negative inclination.” (Figures 17 and 18) 
 
 
Figure 17. If an anatomical plane has an anterosuperior inclination from HOR, the angle is 
positive. Eg. HOR - SN in this case equals 8.0 degrees. 
 
 
Figure 18. If an anatomical plane has an anteroinferior inclination from HOR, the angle is 
negative. Eg. HOR - Md plane in this case equals -26.0 degrees.  
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I.4 NHP is a functional/physiological position 
 
Because NHP is a physiological position, it is considered to be more meaningful 
than using FH to determine head posture clinically, in lateral photographs, or in lateral 
cephalographs, because NHP is more likely to be closer to where the patient most often 
positions their head. NHP is determined by many functional/physiological factors such as: 
 
I.4.1 Visual righting reflexes 
 
This is the main factor and is part of the definition of NHP. Fjellvang and Solow’s 
(1986) study included 30 blind subjects (aged between 15 and 35 years) and a control of 
171 dental students (aged between 22 and 30 years). On average, in blind subjects the head 
was tilted 4.3 degrees down in comparison to the control group, and the neck was inclined 
4.5 degrees more anteriorly in comparison to the control group. The craniocervical 
relations were similar in the blind and control groups. The head posture measured against 
HOR was more variable in the blind subjects. Fjellvang and Solow’s paper made reference 
to several authors who have found abnormal head posture associated with ocular paresis 
(Landolt, 1890; Graefe, 1892; White, 1928; Vestergaard, 1929; Kruckmann, 1936; 
Bielschowsky, 1940; Davis, 1944; Adler, 1946; and Krimsky, 1948). They also refer to 
authors (Magnus, 1926; Davson, 1949; and Gardner, Gray, & O’Rahilly, 1969) who have 
found that “…posture of the head can be maintained by the visual righting reflexes alone 
when the labyrinth has been destroyed or damaged” (Fjellvang and Solow, 1986, p. 327). 
 
I.4.2 Reflexes initiated by gravitational and muscular proprioceptive 
stimuli  
 
This is the basis of Delattre and Fenart’s (1960) establishment of the Vestibular 
Axes (Figure 11). Fjellvang and Solow (1986, p. 327) state that, “The visual righting 
reflexes reinforce and give precision to the gravitational reflexes.” These gravitational 
reflexes play a role but are probably not as important as the visual righting reflexes when 






I.4.3 Airway patency 
  
Daly et al. (1982) found that when an 8mm jaw opening device was placed 
between the first premolars of 30 male dental students, there was a head extension within 
one hour. It was predominantly an extension of the neck, and the original head posture was 
recovered after the device was removed. It was hypothesized that the extension was to 
maintain the postlingual airway space. Cuccia et al. (2008) found head posture extension in 
35 oral breathing patients when compared with 35 physiological breathing patients. 
Huggare and Rolling (1986, p. 17) stated that “Previous studies have shown that any 
condition impairing normal nose breathing will cause a raised head posture (Linder-
Aronson, 1979; Solow & Greve, 1979; Vig et al., 1980; and Wenzel et al., 1983) …” 
Cooke and Wei (1988a, p. 280) stated that NHP “…has been shown to be correlated 
to...respiratory needs (Woodside & Linder-Aronson, 1979; and Solow, Siersbaek-Nielsen, 
& Greve, 1984).” Behlfelt (1990) and Linder-Aronson & Woodside (2000) showed 
changes towards head flexion after tonsillectomy. Solow et al. (1993, p. 107) concluded 
that “… the large cranio-cervical angle in obstructive sleep apnoea patients is a 
physiological adaptation aiming to maintain airway adequacy while the head, and thus the 




Huggare & Rolling (1986, p. 17) stated that Huggare’s (1984) study hypothesized 
that “…since head posture of a sample of young adults from the north of Finland was 
found to differ from that of a Danish sample, it was thought that a change in the mode of 
breathing cold air in a more northerly climate could be one modifying factor.” Huggare 
and Rolling’s (1986, p. 17) study tested Huggare’s (1984) hypothesis and found that 
“…there was a significant extension of the head when outdoors in the cold, this being 
greatest during the first 30 minutes. The change in head posture is probably due to a 
change in the mode of breathing.”     
 
I.4.5 Personality, mood, emotions  
 
Different types of personalities, moods, and emotions may alter NHP; for example 
it could be hypothesized that a chronically depressed person may have a downwards tilt of 
their head position compared to a control.  
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I.5 Problems with NHP and preferred CHP 
 
It is apparent that people instructed to be positioned in NHP occasionally display 
head positions that are clearly tilted up or down. Even though means and standard 
deviations of NHP reproducibility reported in many studies support NHP being a 
reproducible position, it is not always. Lundström et al. (1995, p.112) state that “Random 
variation of NHP registrations has been calculated to within a range of 1.5–2 degrees 
(Bjerin, 1957; Moorrees and Kean, 1958; Lundström, 1982b; Luyk et al., 1986; Cooke, 
1988; Cooke and Wei, 1988a; Lundström and Lundström, 1992) owing to difficulties for 
subjects to reproduce a mean natural head position (MNHP, Lundström, 1982a).” The 
range of NHP variation is usually much larger than 1.2 to 2 degrees either side of the mean 
as demonstrated in the following paragraph. Difficulty in reproducing NHP was also 
mentioned by Moorrees and Kean (1958, p. 217) who spoke of “occasional tenseness of 
the subject.” Downs (1956, p. 193) summarized it well by stating: “When photographing 
children one must take into account the possibility of abnormal posture due to tenseness 
and excitement. It requires a bit of judgment to determine when a person is in a natural 
free balance of head posture.” These problems in reproducing a mean natural head position 
are the basis for progression to using corrected head position.  
Many studies have investigated the variability of anatomical planes of the skull, 
such as FH and SN, from the true horizontal with subjects in natural head position (Downs, 
1956; Bjerin, 1957; Moorrees and Kean, 1958; Foster et al., 1981; Lundström, 1982; 
Cooke and Wei, 1988b; Lundström and Lundström, 1992). Lundström et al. (1995, p. 112) 
stated that “Results obtained confirmed each other and demonstrate large variability in the 
inclination of intracranial reference lines related to the extracranial horizontal (HOR). 
The small differences in registering natural head position is actually a limited problem in 
comparison with the variation of intracranial reference lines.” This is debatable, because 
when examining head position, it is only important for that particular individual at that 
time, and the mean of an angle chosen to measure NHP reproducibility cannot be relied 
upon. It is much more important to discuss the variation of that angle.  
Downs (1956) examined Frankfurt horizontal in 15 children on three occasions and 
found that head position was never exactly the same. The difference ranged from -3 to 3 
degrees, but there may have been some head position correction.   
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Solow and Tallgren (1971) used Dahlberg’s statistic to calculate reproducibility of 
2.5 degrees and 1.4 degrees in the self balance position (n = 21) and in the mirror position 
(n = 21) respectively. 
Siersbaek-Nielson and Solow (1982) used Dahlberg’s statistic to calculate natural 
head reproducibility to equal 2.3 degrees over a one to thirty day period in 30 subjects. 
Cooke and Wei (1988a) investigated NHP reproducibility in 217 Chinese children 
over four to ten minutes and three to six months between films and found standard 
deviations ranging from 2.2 degrees to 3.9 degrees respectively. In Peng and Cooke’s 
(1999) 15 year NHP reproducibility study, standard deviations of 2.2 degrees at four to ten 
minutes increasing through to 4.3 degrees at 15 years demonstrated decreasing NHP 
reproducibility over time. No ranges were reported, but if an individual was two standard 
deviations from the mean at 15 years their head would be 8.6 degrees up or down from the 
initial registration.  
Luyk et al. (1986) investigated NHP reproducibility and reproducibility using 
Frankfurt horizontal orientation to position patients in cephalostats over a three year 
period. 18 subjects were in each group and a standard deviation of 5.7 was found for the 
natural head position group, and standard deviation of 5.2 degrees was measured in the 
Frankfurt horizontal orientation group. If anything, there was a disadvantage in positioning 
the patient in natural head position. One individual of the natural head position group 
demonstrated a range of 24 degrees difference between head positions. Luyk et al. (1986, 
p. 364) stated that “Our study failed to demonstrate any significant difference in 
reproducibility between NHP and the standard cephalostat method, contrary to the 
suggestion of Foster et al. (1981).” 
Foster et al. (1981) examined natural head position reproducibility in only eight 
orthodontic patients with a time difference of three to six months between lateral 
cephalogeraphs. The range of error between the first and second lateral cephalograph was 
from -4.1 degrees to 8.3 degrees. Results demonstrated lack of natural head position 
reproducibility.  
Barbera (2005) and Barbera, et al. (2008) measured reproducibility of head position 
in 40 subjects between mandibular resting position (R) and in occlusion (O), and between 
O and mouth wide open (W). The sample was a historical Aboriginal Australian sample. 
The angle HOR - StN was chosen because it was very reliable to locate nasion and sella 
tangent. The range of difference between R and O was from -6 to 14.5 degrees. That is, 
one individual tilted their head down in the second image by 6 degrees compared to the 
first image, and another individual tilted their head upwards by 14.5 degrees between the  
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first image and the second. The range of difference in head position between O and W 
equaled from -8.5 to 8 degrees. An aim of the current study was to investigate NHP 
reproducibility in 40 Aboriginal Australians over an approximate eight year time period. 
Madsen (2007) and Madsen et al. (2008) investigated NHP reproducibility in 39 
subjects with a two month time interval between images. 3.0 degrees standard deviation 
was calculated. Additionally, they used a facial soft tissue superimposition over the lateral 
cephalograph using ‘Adobe Photoshop CS’ to rotate lateral cephalographs to the NHP 
obtained in the lateral photographs. Craniofacial reference plane position was investigated 
in the lateral cephalographs.     
CHP has also been investigated in head position reproducibility studies. Moorrees 
and Kean (1958) examined head position reproducibility over a one week interval in 66 
NHP freshman female subjects and 61 CHP senior female subjects. In the NHP group the 
standard deviation of head position was 2.1 degrees, and the head position standard 
deviation in the CHP group equalled 1.5 degrees. It appears that visually correcting head 
position is more reproducible than NHP; this is in agreement with Schmidt’s study (1876, 
cited by Moorrees and Kean, 1958). Schmidt examined CHP reproducibility in nine 
individuals, and Schmidt and five other observers examined CHP reproducibility in eleven 
individuals. Schmidt also found there was difference between observers when visually 
correcting head position.     
 It only takes one individual to happen to position their head upwards or 
downwards in a radiograph or photograph, to make NHP very unreliable. A change in head 
position is a completely random event and may be due to mood at the time, distraction, 
and/or misinterpretation of instructions. It is irrational to make the diagnosis of an 
individual with their head in NHP, because they may very well be that individual with their 
head significantly tilted up or down.  
   It is more accurate and safer to correct the head position. For hard tissue images, 
corrected head position can be obtained by using the combination of means of planes to 
true horizontal. In a previous thesis (Barbera, 2005) and journal article (Barbera et al., 
2008), findings demonstrated general parallelism of the four planes, NHA, FH, KW plane, 
and P plane and an average inclination of  -1 to -2 degrees of these planes from HOR with 
subjects in NHP. 
Norms of facial soft tissue measurements measured from HOR or VER with the 
person in CHP (Lundström et al., 1992) and NHP (Arnett and Bergman, 1993; Arnett et al., 
1999; Fernández-Riveiro et al., 2003; Viazis, 1991) have been measured. Arnett and 
Gunson (2004) proposed guidelines on facial planning based on their previous work for  
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orthodontists and oral surgeons. These norms are most often related to anterior features of 
the face and, without the intention of helping to visualize NHP. The current study has this 
intention and investigates the relationship of a soft tissue ear to nose plane (EN plane, see 
Figure 33) with HOR and with the skeletal KW - plane. The EN plane will be investigated 
in 80 subjects. Discussion of other factors to consider when correcting head position using 
the soft tissues is also discussed. Of course, combining planes of hard and soft tissues is 
possible via current computer software and imaging techniques. Traditionally, the head 
position has been corrected by using the hard tissue Frankfurt horizontal, but its 
construction points, porion and orbitale, are positioned differently between individuals; 
therefore, use of only one plane to correct head position is potentially unreliable. For 
example, using the palatal plane alone is unreliable. The more means of angles of planes to 
HOR of people in NHP one uses in a best of fit manner, the more accurate the correction of 
head position would be. It is practical to limit the number of planes used, and use of the 
four planes mentioned above is suggested as the preferred approach. Pending of the current 
research results, the soft tissue EN plane may be another plane of use in correcting head 
position.           
 
I.6 Importance of CHP to orthodontics and other fields 
 
CHP is important when evaluating a patient’s facial pattern. CHP aids in the 
diagnosis of facial skeletal protrusion or retrusion. A skeletal Class III patient tends to look 
‘better’ when their head is tilted down and ‘worse’ when their head is tilted up. The human 
eye automatically presumes that the horizontal and vertical edge of a photograph or lateral 
cephalograph is HOR and VER respectively. Facial profile illusion is created and is of 
great importance to be able to detect this for orthodontic, oral and maxillofacial surgery, 
and plastic surgery planning. Another example may be of a female patient with a Class I 
skeletal relationship with a mildly prominent chin. The decision for or against genioplasty 
may be strongly influenced by her head position. This scenario is exactly the same when 
doing a final surgical treatment objective for a Class II skeletal patient and deciding upon 
genioplasty or not. If her head is tilted up, it may be more likely to plan for her to have a 
genioplasty. On a grosser scale, it may be more likely for a patient with a mild Class III 
skeletal relationship to receive mandibular setback surgery if their head is tilted up. It is of 
paramount importance that orthodontists and surgeons are aware of this illusion error and 
correct head position.        
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Before, during, and after treatment/growth images are best viewed when the head 
position is the same in each image. Visually, it is easier to compare. As discussed in the 
previous paragraph, a change in head position between images can create misleading 
illusions. Correcting head position can be done by using the four angles, HOR - NHA, 
HOR - FH, HOR - KW plane, and HOR - P plane, to correct the head position in one of the 
images, and then only one of the angles is required to compare with other head images of 
that person. In fact this is more meaningful, because only one angular measurement is 
required on subsequent images, rather than four again, decreasing the chance of 
measurement error and increasing efficiency and practicality. 
It may be desired to depict or reconstruct someone accurately with them in a likely 
NHP. Planes can be used to assist artists and anatomists to depict human heads accurately 
with normal proportions. 
Anthropologists can use the four planes to discuss evolutionary trends from, for 
example, ape to man. Correcting head position in modern man is useful to depict 
evolutionary trends in terms of comparison of head position. Correcting head position may 
also be useful for museum human reconstructions.   
Correcting head position may also be useful in forensics. Human head-neck-torso 
positions may aid forensics to solve a case by, for example, comparing head-neck torso 




1. To investigate NHP reproducibility in the Australian Aboriginal sample of this study 
between the ages of approximately 10 to 18 years, and review findings of natural head 
position reproducibility of previous studies.  
2. To study craniofacial reference planes’ angles from HOR with subjects in NHP. 
3. To study the possibility of near parallelism and slight negative angulation from HOR 
with subjects in NHP of the Neutral horizontal axis (NHA), Frankfurt horizontal (FH), 
Krogman - Walker plane (KW plane), and Palatal plane (P plane). It was also aimed to 
examine the nature of the four planes in more extreme long/short faced individuals. 
4. To examine the nature of the Ear - nose plane’s (EN plane, see Figure 27) angulation 
from HOR with subjects in NHP. 
5. To assess whether the EN plane shares a similar inclination or location with the KW 
plane. Additionally, it was aimed to assess correction of head position with only the soft  
 
23 
tissues visible using factors such as head-neck-torso shape, human vertical soft tissue 
profile outline, and orbit-eye position.  
 
I.8 Null hypotheses 
 
1. NHP is reproducible. 
2. Craniofacial reference planes’ angles from HOR are variable with subjects in NHP. 
3. The NHA, FH, KW plane, and P plane are not parallel in individuals. These four planes 
do not demonstrate slight downwards inclination from HOR with subjects in NHP.  
4. The EN plane’s angulation from HOR is variable with subjects in NHP. 
























Chapter II. Subjects and method
II.1 Sample 1 
Professor Tasman Brown and Dr. Murray Barrett collected anthropological data 
during several visits to Yuendumu in Central Australia between 1951 and 1972. Lateral 
cephalographs of Aboriginal Australians were obtained between 1961 and 1972 (Barrett et 
al., 1963; Brown and Barrett, 1964; Brown, 1965). The roentgenographic method closely 
followed that of Björk (1950). 
The Aboriginal Australians call themselves Walpiri. Yuendumu was a mission 
settlement and is located 185 miles north-west of Alice Springs. In 1953, Tindale studied 
marriage customs of the Walpiri tribe and found that out of 166 marriages, only 8% were 
with members of a different tribe, making the Walpiri people relatively homogenous 
(Brown, 1965). 
.  The lateral cephalographs were obtained with subjects seated on an adjustable 
stool. NHP was obtained by asking subjects to look at a point on a wall at their eye level. 
This seated method of NHP registration was similar to that in 1861 of Von Baer and 
Wagner (Moorrees and Kean, 1958). Their head was stabilised and orientated with ear rods 
and a nose rest (Figure 19). Three lateral cephalographs were taken consecutively; one 
with the mandible in rest position, one in occlusion, and another with the mouth wide open. 
The occlusal lateral cephalographs were chosen for this study, because they provide the
most common image in orthodontics, and they can be compared with other studies. 
(Barrett et al., 1963; Brown 1965)
Figure 19. Cephalostat with a subject positioned for a. lateral film, b. postero-anterior film. 
(from Brown, 1965, p. 29)
  
                                          NOTE:   
   This figure is included on page 24 of the print copy of  
     the thesis held in the University of Adelaide Library. 
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Forty Aboriginal Australians were selected. Males are subjects 1 to 20, and females 
are subject 21 to 40; this was also the case for sample 2 and sample 3. Each subject had a 
lateral cephalograph taken at age 9 to 12 years (T1), 13 to 16 years (T2), and at 17 years or 
greater (T3). Some of the subjects’ ages were estimated because of communication 
difficulties. T1 was chosen in order to examine NHP in a group of subjects prior to their 
adolescent growth spurt; therefore, oldest females in T1 tended to be aged 9 or 10 years, 
and oldest males were aged 11 to 12 years. Ideally at T1 a 9 or 10 year would be chosen to 
maximise the time gap between T1 and T2 for the reproducibility study. T2 was aimed to 
examine the individual just after their adolescent growth spurt; females were aged 13 to 14 
years, and males were aged 15 to 16 years. T3 examined the subject as an adult, and like 
with T1, the oldest images were chosen to lengthen the reproducibility study (Figure 20). 
                                              
                   a.                                                b.                                                 c.                           
                                            
Figure 20. Lateral cephalographs of sample 1 male subject number 2 at estimated age, a. 
9.8 years, b. 13.3 years, and c. 20.2 years. This was one of three subjects in sample 1 for 
whom a ruler was present in one of their cephalographs. This subject was used to work out 
the distance between the 2 screws on the nose piece for scale setting. 
 
The subject selection inclusion criteria were: (i) male or female Aboriginal 
Australian with lateral cephalographs at T1, T2, and T3; (ii) lateral cephalographs of 
known magnification and taken with subjects in NHP; and (iii) no overt craniofacial 
malformation. 
The lateral cephalographs were scanned into a computer using the ‘Epson 
Perfection 4990 Photo’ scanner at 350 dpi resolution. ‘Adobe Photoshop CS’ (Adobe 
Systems Inc., San Jose, California, USA) was used to adjust lighting and contrast levels of 
the images. It was preferred to swap the black and white around, because it was better for 
soft tissue outline superimposition in sample 3, and clarity of cephalometric landmarks was  
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apparent. Cephalograph measurements were made by using Dr. Fricker’s ‘Mona Lisa’ 
computer software programme (Tidbinbilla, Pty Ltd., Canberra, Australia). The points and 
planes used are defined in Figures 21 and 22 respectively. HOR was determined in the 
‘Mona Lisa’ programme by construction of a perpendicular line from the vertical edge of 
the lateral cephalograph film. 
In all 3 samples, scaling of digital images of the lateral cephalographs was required 
to calculate linear measurements via the ‘Mona Lisa’ computer program. It was 
challenging to determine which scaling objects should be used. Unfortunately, the scaling 
object was only a short distance in most digital cephalometric images in all samples, 
creating an innate inaccuracy of linear measurements between images. The method of 
scaling for linear measurements in sample 1 was as follows: Most radiographs did not have 
a ruler present. All radiographs appeared to have the same screws in the nose rest piece. In 
one of the radiographs (subject 02, 183m, 9.8 years), part of a ruler was present, and this 
was used to determine the distance between the screws in the nose rest piece (Figure 20). 
100mm on the real ruler was equivalent to 92.7mm on the radiograph ruler. Therefore, 
92.7 (radiograph ruler)/100mm (real ruler) = x (real ruler screw measure)/8 (radiograph 
screw measure). Therefore, x = 7.4mm (real life distance between screws, not including the 
screw’s thread). This relatively short distance was used to scale for linear measurements. 
Figure 21 shows the landmarks used for cephalometric analysis. Figure 22 shows 
the planes used formed the angles examined in this study. The measured angles were:  
HOR - PM plane, NHA - PM plane, PM plane - PM vertical, HOR - SN, HOR - StN,  
HOR - NHA, HOR - FH, HOR - KW plane, HOR - P plane, HOR - FOP, HOR - Md plane, 
HOR - AtPt, HOR - FML, FML - AtPt, HOR - OPT, HOR - CVT, OPT - StN, CVT - StN, 
and KW plane - Md plane. Figure 24 shows the anatomical linear measurements measured 
which were: cv2
ap - Ba, KW plane - Ba, Ba - Op, and At - Pt. Multiple angular and linear 
measurements were taken, but the focus of this study was on variables relevant to 
correcting head position. Head posture and foramen magnum regional linear measurements 




Figure 21. Landmarks used in this study shown on a tracing of one of the female 
Australian Aboriginal subjects in our previous study (Barbera, 2005; Barbera et al., 2008):  
ANS = Anterior nasal spine = “The tip of the median, sharp bony process of the maxilla 
at the lower margin of the anterior nasal opening.” (Riolo et al., 1974, p. 14)   
Ar = Articulare (Articulare posterior) = “The point of intersection of the inferior cranial 
base surface and the averaged posterior surfaces of the mandibular condyles.” (Riolo et 
al., 1974, p. 17)  
At = Anterior tubercle = The point on the tip of the anterior surface of the anterior 
tubercle of the first cervical vertebra. 
Ba = Basion = “The most inferior, posterior point on the anterior margin of foramen 
magnum.” (Riolo et al., 1974, p. 17) 
Co = Condylion = “The most posterior superior point on the curvature of the average of 
the right and left outlines of the condylar head. Determined as the point of tangency to a 
perpendicular construction line to the anterior and posterior borders of the condylar head. 
The Co point is, therefore, located as the most superior axial point of the condylar head 
rather than as the most superior point on the condyle.” (Riolo et al., 1974, p. 17) 
cv2
ap = “The apex of the odontoid process of the second cervical vertebra.” (Solow & 




ip = “The most inferior posterior point on the corpus of the second cervical vertebra.” 
(Solow & Tallgren, 1971, p. 595) 
cv2
tg = “Tangent point of OPT on the odontoid process of the second cervical vertebra.” 
(Solow & Tallgren, 1971, p. 595) 
cv4
ip = “The most inferior posterior point on the corpus of the fourth cervical vertebra.” 
(Solow & Tallgren, 1971, p. 595) 
Go = Gonion = “The midpoint of the angle of the mandible. Found by bisecting the angle 
formed by the mandibular plane with a plane through Articulare, posterior and along the 
portion of the mandibular ramus inferior to it.” (Riolo et al., 1974, p. 17) 
Me = Menton = “The most inferior point on the symphyseal outline.” (Riolo et al., 1974, 
p. 14)  
Max = Maxillon = “…a point just below (occasionally above) the Key Ridge, midway 
between the upper and lower border of the palate.” (Rothstein & Yoon-Tarlie, 2000, p. 
323; and Rothstein & Phan, 2001; Walker, 1967) 
N = Nasion = “The junction of the frontonasal suture at the most posterior point on the 
curve at the bridge of the nose.” (Riolo et al., 1974, p. 18) 
Occ = Occipitale = “…the lowest point on the occipital bone.” (Rothstein and Yoon-
Tarlie, 2000, p. 323; Walker, 1967) 
OM = Orbital margin point = “…the superoinferior midpoint between the lower and 
upper orbital rims.” (McCarthy and Lieberman, 2001, p. 250) 
Op = Opisthion = “The posterior midsagittal point on the posterior margin of foramen 
magnum.” (Riolo et al., 1974, p. 17) 
Or = Orbitale = “The lowest point on the average of the right and left borders of the bony 
orbit.” (Riolo et al., 1974, p. 18) 
PNS = Posterior nasal spine = “The most posterior point at the sagittal plane on the bony 
hard palate.” (Riolo et al., 1974, p. 20) 
Po = Porion = A point on the superior edge of the auditory canal. (Proffit et al., 2000, p. 
173)  
Pt = Posterior tubercle = The point on the tip of the posterior surface of the posterior 
tubercle of the first cervical vertebra. 
Ptm = Pterygomaxillare = “…the average most posteroinferior point on the maxillary 
tuberosities.” (McCarthy & Lieberman, 2001, p. 247) 
PTM = Pterygomaxillary fissure, inferior = “The most inferior point on the average of 
the right and left outlines of the pterygo-maxillary fissure.” (Riolo et al., 1974, p. 18) 
S = Sella turcica = “The centre of the pituitary fossa of the sphenoid bone. Determined by 
inspection.” (Riolo et al., 1974, p. 18) 
SE = Ethmoid registration point = “Intersection of the sphenoidal plane with the 
averaged greater sphenoid wing.” (Riolo et al., 1974, p. 18) 
St = Sella tangent = Consider a line passing through N and tangent to the inferior border 
of sella turcica. St is the point at which this line touches the inferior border of sella turcica 
(Barbera, 2005; Barbera et al., 2008). 
Ti = Tuberculum sellae inferior = A point on the anterior wall of sella turcica 





Figure 22. The lines and planes used to construct the angular variables examined in this 
study shown on a tracing of one of the Aboriginal Australian female subjects from our 
previous study (Barbera, 2005; Barbera et al., 2008): 
HOR = True Horizontal Line = line determined by the horizontal edge of the lateral 
cephalograph film; HOR was drawn through the Ar - Co region. 
PM plane = Posterior Maxillary Plane = SE-Ptm. PM point (anterior most point on the 
lamina of the greater wing of sphenoid) is traditionally used instead of SE, but SE was 
chosen due to its easier location, and it generally was very close to PM point.  
PM vertical = Pterygomaxillary Vertical = SE-PTM. 
NHA = Neutral Horizontal Axis = OM-Ti. Ti is a new point on the anterior wall of sella 
turcica approximately 2mm inferior to the tuberculum sellae (Figure 23).  
SN = S-N. 
StN = St-N = a line which passes through Nasion and is a tangent to the inferior border of 
Sella turcica. Sassouni (1955, p. 736) used the Lower anterior cranial base Plane or Basal 
Plane (OS’) which is “A plane parallel to the axis of the upper contour of the lower 
anterior cranial base and tangent to the inferior border of sella turcica.” O is the point 
where most of Sassouni’s planes intersected. The reasons for changing S’ to St were that: 
St is in a different part of the inferior border of Sella turcica when compared to S’ because 
it is associated with a different line. 
FH = Frankfurt Horizontal = Po-Or. 
KW plane = Krogman-Walker Plane = Occ-Max.  
P plane = Palatal Plane = ANS-PNS.  
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FOP = Functional Occlusal Plane = line of best fit between the occlusal surfaces of the 
upper and lower first premolars to second molars. 
Md plane = Mandibular Plane = Me-Go. If the anatomy of the lower border of the 
mandible was convex (as in hypodivergent face types), a line of best fit was used where the 
anterior point was determined by a perpendicular to the Md plane passing through the 
middle of the posterior outline of the symphysis of the mandible. 
AtPt  = Anterior tubercle – Posterior tubercle = At-Pt. A line joining the most anterior 
point of the cortical outline of the anterior tubercle of Atlas, to the most posterior point of 
the cortical outline of the posterior tubercle of Atlas. 
FML = Foramen Magnum Line = Ba-Op. 
OPT = Odontoid Process Tangent = cv2
tg - cv2
ip = “The posterior tangent to the 
odontoid process through cv2
ip.” (Solow & Tallgren, 1971, p. 595) 
CVT = Cervical Vertebra Tangent = cv2
tg - cv4
ip = “The posterior tangent to the 
odontoid process through cv4
ip.” (Solow & Tallgren, 1971, p. 595) 
 
Some further discussion regarding NHA is warranted. Traditionally, OA (Orbital 
axis point) has been used as the posterior reference point of NHA but is ill-defined on 
lateral cephalographs. McCarthy and Lieberman (2001, p. 250) stated that “OA (Orbital 
Axis point) is defined as the supero-inferior midpoint between the superior orbital fissures 
and the inferior rims of the optic canals (Enlow and Azuma, 1975; Enlow, 1990; Bromage, 
1992).” An investigation was conducted involving seven skulls (Barbera, 2005). Metal 
points were positioned with modelling wax on tuberculum sellae, the superior and inferior 
margins of the posterior region of the optic canals, and on Ti. Lateral cephalographs of the 
skulls were taken and it was concluded that the OM-Ti plane generally passed through the 
inferior margin of the anterior region of the optic canals (Figure 23).  
 
 
Figure 23. A lateral cephalograph from the sub-study showing metal points on tuberculum 
sellae, the superior and inferior margins of the posterior region of the optic canals, and on 




Figure 24. Anatomical linear measurements measured were: cv2
ap - Ba, KW plane - Ba, 
Ba - Op, and At - Pt. 
 
Statistics were formulated and data for males and females were pooled because 
minimal sex differences were found in previous studies (Barbera, 2005; Madsen, 2007; 
Barbera et al., 2008; Madsen et al., 2008). 
The reliability of the method was determined by re-tracing 20 percent (n = 24) of 
the cephalographs after at least one week. Paired t-tests, Dahlberg’s statistic (Dahlberg, 
1940), and error % were calculated to assess systematic and random errors.  
The cephalographs obtained at T1 were compared with those at T2 and T3 to test 
the reproducibility of NHP by comparing StN - HOR angles. The StN line was chosen due 
to the consistency and ease of locating St and N on lateral cephalographs, making it a 
reliable anatomical line. The same statistics were used as those that were used in the 
analysis of reliability. The average time between T1 and T3 was approximately eight years, 
but with variation of a few years either way in some individuals. 
Descriptive statistics were produced for all variables. Four anatomical planes: 
NHA, FH, KW plane, and P plane, were focussed on, because a pilot study conducted on 
ten male and five female Aboriginal Australians revealed their near parallelism and mostly 
horizontal orientation (Barbera, 2005). Analysis of variance (ANOVA) of the four planes 
within samples and between samples were performed.  
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II.2 Sample 2 
 
Dr. John Fricker’s sample (Canberra, Australia) consisted of 40 adolescent 
individuals (20 males and 20 females), each having a lateral cephalograph and lateral 
photograph, both taken in NHP. Photographic method was consistent with that discussed in 
Fricker’s articles (1982; 1985; 1988). The apparatus used to stabilise the subject and 
camera, at a fixed distance for both the horizontal and the vertical, is shown in Figure 25. 
The camera was mounted on the bracket at the right and there was a mirror on a hinge 
which is in front of the camera. The patient was standing, looking at their eyes in the 
mirror, and the ear supports were closed over the ears. Once positioned, the mirror was 
swung away from in front of the camera, and the photos were taken. The whole apparatus 
can be raised or lowered with the camera fixed at a distance of 1.5 metres and at a true 
horizontal to the face. Figure 26 shows a lateral photograph of subject 25.  
 
 
Figure 25. A photo of the apparatus used to stabilise sample 1 subjects in lateral 
photographs and lateral cephalographs. The camera is set at a horizontal fixed distance 
from the head holder. It is positioned so that the horizontal margin of lateral photographs 
represents HOR. (Courtesy of Dr. J.P. Fricker)  
 
The lateral cephalographs were analysed in exactly the same manner using the 
‘Mona Lisa’ software as with sample 1. Scaling for linear measurements was achieved by 
using a ruler, if it was present in the image, or two crosses which were 10mm apart and 




Figure 26. Lateral cephalograph of subject 35 of 
sample 2 showing two crosses used for scaling in 
images without rulers. The middle of the crosses 
were 10mm apart, seen in the upper right region of 
the image. The crosses were located on the film 
case. The vertical line was a hanging metal chain 




Facial soft tissue landmarks used are defined in Figure 27. Consenting individuals 
have their full face shown in images. Those that have not been asked about consent have 
their eyes blocked out of the image. HOR - EN plane angle was manually measured on the 
photographs, and the mean, standard deviation, and range was calculated. Method error 
was assessed in the same manner as in sample 1. 
 
 
Figure 27. Facial soft tissue landmarks and EN plane shown on a lateral photograph of 
subject 25 of sample 2 in natural head position: 
In = Intertragic notch = A point at the maximum concavity of the Intertragic notch. 
Nt = Nostril tangent = Consider a line passing through In and tangent to the superior 
border of the nostril (anterior nares). Nt is the point at which this line touches the superior 
border of the nostril. 




II.3 Sample 3 
 
Professor Mithran Goonewardene’s sample (Perth, Australia) consisted of 40 
adolescent individuals (20 males and 20 females), each having a lateral cephalograph taken 
in NHP by a private radiographer in Perth, Western Australia (Figure 28). HOR or VER 
was unable to be determined in the photographs, because the camera was hand-held and 
there was no plumb bob; therefore, HOR - EN plane could not be measured. An example 
of a lateral photograph is shown of subject 32 (Figure 29).  
 
 
Figure 28. Lateral cephalograph of subject 32 of sample 3 with head attempted to be in 
natural head position. 
 
 
Figure 29. Lateral photograph of subject 32 of sample 3. The camera was hand held; 
therefore, it could not be assumed that this photographic sample was in NHP.  
 
35 
The cephalographs were analysed in exactly the same manner as with sample 1. 
Once again, the ‘Mona Lisa’ program required a scale setting for linear measurements. 
Scaling of the lateral cephalographs was done by adjusting for 7.5% enlargement using the 
following method: The vertical distance of small part of the nose rest = 14mm on the 
radiograph which was 7.5% enlarged compared to its real life measurement. Following 
adjustment for 7.5% enlargement, via trial and error, the real life measurement = 13.5mm.  
Of the 40 subjects, 34 individuals’ photographs were made transparent and 
superimposed over their cephalograph (Figure 30). This was unable to be done in six 
subjects, because their hair was covering In. 
 
 
Figure 30. Superimposition of soft tissues over hard tissues in subject 32 of sample 3. 
Superimposition was achived using ‘Adobe Photoshop CS.’ 
 
 ‘Adobe Photoshop CS’ software was used to superimpose the forehead, nose, and upper 
lip outline in a similar way to that used by Madsen (2007) and Madsen et al. (2008). The 
steps used in ‘Adobe Photoshop CS’ are described in the appendix (p. 91). 
The angle, KW plane - EN plane, and the linear measurements KW plane - In and 
KW plane - Nt angle were measured using ‘ImageJ’ software, and descriptive statistics 
were produced. ImageJ is a public domain Java image processing program. The author, 
Wayne Rasband, is at the Research Services Branch, National Institute of Mental Health, 
Bethesda, Maryland, USA. The steps used in ‘ImageJ’ are described in the appendix (p. 
92). 
Method error was assessed in the same manner as with sample 1.  
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II.4 Long face and short face subject examples 
 
Inclusion criteria for individuals with more extreme long or short faces, chosen 
from the three samples, were as follows. The percentage of posterior face height, sella - 
gonion (S-Go), compared to anterior face height, nasion - menton (N-Me), was determined 
using the same method of Coben (1955) and similar to Biggerstaff et al. (1977). The angle 
of KW plane to mandibular plane was also determined. Additionally, observations such as 
the level of intersection of the mandibular plane with the posterior margin of foramen 
magnum region, lip competency, overbite, and lower anterior facial 1/3 height were taken 
into account. Only one short face and three long face subjects were selected; the remaining 
individuals were not thought to be extreme enough to be truly called long or short faced. 

























Chapter III. Results 
 
III.1 Sample 1 
 




Paired t-tests showed p values less than 0.05 at T1, T2, and T3 for HOR - PM plane 
and NHA - PM plane. At T1, PM plane - PM vertical’s p value = 0.01. P values were 




  See page 80 for discussion of potential reasons for some large error percent values. 
NHA - PM plane, PM plane - PM vertical, cv2
ap - Ba, and At - Pt demonstrated random 
error at T1, T2, and T3 (error % > 10). At T1 and T2, HOR - PM plane demonstrated 
random error (error % = 10.45). At T2 and T3, Ba - Op showed an error %   > 10%. Other 
variables demonstrating random error at only one of the times were HOR - P plane (T1) 
and HOR - SN (T2). The random error was less than 10% in all other variables.  
 














         Table 1.  
Sample 1 T1. Reliability of hard tissue measurements.
Systematic error Random error
Ang. Variables (deg.) n mean d SE mean d p value t value Dahlberg Error %
HOR - PM plane 8 -2.7 0.5 0.00 5.42 2.12 52.2
NHA - PM plane 8 -3.1 0.6 0.00 5.02 2.50 60.1
PM plane - PM vert. 8 2.0 0.6 0.01 3.65 1.77 167.3
HOR - SN 8 -0.4 0.3 0.17 1.52 0.57 2.6
HOR - StN 8 -0.4 0.2 0.13 1.72 0.47 1.6
HOR - NHA 8 0.4 0.3 0.21 1.38 0.66 3.8
HOR - FH 8 0.0 0.4 0.95 0.06 0.78 8.2
HOR - KW plane 8 0.2 0.2 0.31 1.10 0.31 1.3
HOR - P plane 8 -0.5 0.6 0.45 0.81 1.15 14.7
HOR - FOP 8 0.2 0.2 0.53 0.66 0.46 1.6
HOR - Md plane 8 0.5 0.2 0.10 1.89 0.56 1.4
HOR - AtPt 8 0.5 0.3 0.14 1.65 0.63 0.6
HOR - FML 8 0.7 0.6 0.26 1.22 1.22 7.0
FML - AtPt 8 -0.3 0.6 0.70 0.40 1.19 3.7
HOR - OPT 8 0.6 0.5 0.29 1.15 1.10 2.3
HOR - CVT 8 0.1 0.3 0.80 0.26 0.56 0.6
OPT - StN 8 -1.0 0.4 0.05 2.32 1.06 1.8
CVT - StN 8 -0.5 0.3 0.12 1.75 0.58 0.5
KW plane - Md plane 8 0.3 0.2 0.24 1.27 0.45 1.0
Lin. Variables (mm)
cv2ap - Ba 8 0.7 0.3 0.05 2.33 0.76 36.1
KW plane - Ba  8 0.1 0.4 0.86 0.18 0.72 9.8
Ba - Op 8 -1.1 0.5 0.05 2.37 1.17 9.1
At - Pt 8 1.0 0.8 0.25 1.24 1.63 15.4
NB. Significant p values (p < 0.05), and error % > 10% are in bold.  
 
        Table 2.  
Sample 1 T2. Reliability of hard tissue measurements.
Systematic error Random error
Ang. Variables (deg.) n mean d SE mean d p value t value Dahlberg Error %
HOR - PM plane 8 -2.9 0.4 0.00 7.55 2.15 21.4
NHA - PM plane 8 -2.9 0.4 0.00 6.47 2.19 242.3
PM plane - PM vert. 8 0.7 0.7 0.33 1.05 1.37 81.7
HOR - SN 8 0.5 0.5 0.36 0.99 0.98 10.8
HOR - StN 8 0.6 0.5 0.30 1.12 0.99 9.5
HOR - NHA 8 0.0 0.4 0.97 0.04 0.66 3.5
HOR - FH 8 0.1 0.6 0.86 0.18 1.16 8.0
HOR - KW plane 8 -0.1 0.2 0.81 0.25 0.38 2.6
HOR - P plane 8 -0.2 0.4 0.60 0.56 0.73 3.4
HOR - FOP 8 1.0 0.5 0.09 2.00 1.20 5.1
HOR - Md plane 8 -0.2 0.3 0.42 0.86 0.54 0.7
HOR - AtPt 8 0.1 0.4 0.74 0.34 0.75 2.4
HOR - FML 8 0.5 1.1 0.67 0.45 2.02 29.8
FML - AtPt 8 0.1 0.8 0.87 0.17 1.51 8.5
HOR - OPT 8 0.7 0.7 0.35 0.99 1.39 2.4
HOR - CVT 8 0.2 0.3 0.59 0.56 0.59 0.5
OPT - StN 8 -0.1 1.0 0.89 0.14 1.80 2.4
CVT - StN 8 0.5 0.6 0.46 0.79 1.11 1.0
KW plane - Md plane 8 -0.2 0.4 0.68 0.42 0.78 2.5
Lin. Variables (mm)
cv2ap - Ba 8 0.3 0.4 0.46 0.78 0.78 41.1
KW plane - Ba  8 -0.2 0.5 0.78 0.29 0.96 36.1
Ba - Op 8 1.2 0.9 0.21 1.38 1.85 16.2
At - Pt 8 1.1 0.8 0.20 1.43 1.69 14.3
NB. Significant p values (p < 0.05), and error % > 10% are in bold.   
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 Table 3. 
Sample 1 T3. Reliability of hard tissue measurements.
Systematic error Random error
Ang. Variables (deg.) n mean d SE mean d p value t value Dahlberg Error %
HOR - PM plane 8 -1.3 0.5 0.03 2.69 1.30 7.8
NHA - PM plane 8 -1.7 0.7 0.04 2.56 1.75 64.6
PM plane - PM vert. 8 0.4 0.5 0.50 0.72 0.98 77.3
HOR - SN 8 -0.2 0.2 0.24 1.28 0.35 0.6
HOR - StN 8 -0.1 0.2 0.64 0.49 0.39 0.8
HOR - NHA 8 0.4 0.3 0.27 1.20 0.71 3.0
HOR - FH 8 0.3 0.3 0.42 0.86 0.63 2.6
HOR - KW plane 8 -0.2 0.1 0.10 1.93 0.20 0.5
HOR - P plane 8 -0.2 0.4 0.64 0.50 0.67 6.7
HOR - FOP 8 0.2 0.8 0.83 0.23 1.44 19.3
HOR - Md plane 8 0.1 0.2 0.75 0.33 0.43 0.6
HOR - AtPt 8 0.0 0.3 0.97 0.04 0.54 0.3
HOR - FML 8 0.9 0.6 0.20 1.41 1.35 4.7
FML - AtPt 8 -0.9 0.6 0.18 1.50 1.29 3.8
HOR - OPT 8 -0.1 0.4 0.91 0.12 0.77 1.5
HOR - CVT 8 0.1 0.3 0.78 0.29 0.58 0.8
OPT - StN 8 -0.1 0.5 0.90 0.13 0.94 2.3
CVT - StN 8 -0.2 0.4 0.61 0.53 0.85 2.0
KW plane - Md plane 8 0.3 0.3 0.32 1.08 0.51 0.9
Lin. Variables (mm)
cv2ap - Ba 8 1.0 0.5 0.08 2.07 1.16 60.2
KW plane - Ba  8 0.4 0.4 0.30 1.13 0.74 8.6
Ba - Op 8 -0.2 1.0 0.81 0.25 1.79 19.4
At - Pt 8 -0.3 0.5 0.52 0.68 0.96 12.3




















III.1.2 Descriptive statistics (Tables 4 to 6) 
 
Generally, there was a large standard deviation (SD) and range of the variables. 
The four planes: NHA, FH, KW plane, and P plane, appeared to demonstrate near 
parallelism. See the appendix (pp. 111-122) for detailed sample 1 descriptive statistics. 
 
   Table 4.  
Sample 1 T1 descriptive statistics.
n mean range SD
Angular Variables (degrees)
HOR - PM plane 40 86.4 76.7 to 92.0 3.76
NHA - PM plane 40 89.1 81.5 to 94.9 3.53
PM plane - PM vertical 40 0.5 -4.1 to 4.7 2.11
HOR - SN 40 5.8 -1.6 to 13.3 3.66
HOR - StN 40 8.7 2.4 to 15.8 3.69
HOR - NHA 40 -2.9 -11.3 to 5.4 3.49
HOR - FH 40 -3.5 -10.0 to 5.4 3.15
HOR - KW plane 40 0.4 -5.1 to 7.7 2.91
HOR - P plane 40 -1.1 -7.6 to 7.9 3.63
HOR - FOP 40 -13.1 -20.8 to -0.8 3.52
HOR - Md plane 40 -30.2 -39.1 to -18.8 4.55
HOR - AtPt 40 16.5 -1.4 to 32.2 8.37
HOR - FML 40 11.4 -2.4 to 22.3 5.28
FML - AtPt 40 5.3 -10.8 to 16.2 6.70
HOR - OPT 40 89.5 73.3 to 105.1 7.56
HOR - CVT 40 88.5 74.4 to 104.5 7.32
OPT - StN 40 99.2 79.4 to 117.3 8.33
CVT - StN 40 100.2 79.3 to 118.2 8.22
KW plane - Md plane 40 -30.7 -38.1 to -19.2 4.24
Linear Variables (mm)
cv2ap - Ba 40 4.7 1.2 to 8.3 1.61
KW plane - Ba  40 7.0 2.5 to 12.5 2.05
Ba - Op 40 36.1 30.7 to 44.2 3.57













    Table 5.  
Sample 1 T2 descriptive statistics.
n mean range SD
Angular Variables (degrees)
HOR - PM plane 40 88.1 77.3 to 94.7 4.13
NHA - PM plane 40 90.9 82.6 to 101.2 3.77
PM plane - PM vertical 40 1.0 -1.7 to 4.9 1.48
HOR - SN 40 6.9 -1.8 to 15.7 4.05
HOR - StN 40 9.7 2.6 to 19.2 4.09
HOR - NHA 40 -2.7 -13.6 to 6.4 4.03
HOR - FH 40 -3.2 -10.1 to 4.8 3.71
HOR - KW plane 40 0.0 -6.6 to 7.3 3.46
HOR - P plane 40 0.1 -6.9 to 8.3 4.25
HOR - FOP 40 -10.5 -18.3 to -2.9 4.24
HOR - Md plane 40 -27.9 -39.5 to -18.8 4.81
HOR - AtPt 40 14.3 0.3 to 27.6 6.07
HOR - FML 40 10.1 -2.4 to 22.3 4.87
FML - AtPt 40 3.9 -9.3 to 15.3 5.52
HOR - OPT 40 86.4 74.1 to 103.1 5.90
HOR - CVT 40 86.2 75.3 to 102.4 6.22
OPT - StN 40 103.3 79.4 to 116.5 7.69
CVT - StN 40 103.5 80.2 to 117.3 8.02
KW plane - Md plane 40 -27.9 -36.2 to -18.3 4.05
Linear Variables (mm)
cv2ap - Ba 40 5.4 2.2 to 9.0 1.63
KW plane - Ba  40 6.4 2.8 to 10.6 1.88
Ba - Op 40 37.1 29.0 to 45.7 4.26
At - Pt 40 42.3 37.1 to 51.9 3.73 
 
     Table 6. 
Sample 1 T3 descriptive statistics.
n mean range SD
Angular Variables (degrees)
HOR - PM plane 40 88.4 81.8 to 96.0 3.90
NHA - PM plane 40 92.0 83.1 to 101.6 4.03
PM plane - PM vertical 40 1.2 -2.2 to 4.0 1.63
HOR - SN 40 5.9 -0.2 to 13.5 3.99
HOR - StN 40 8.7 2.5 to 16.6 4.14
HOR - NHA 40 -3.6 -12.6 to 4.5 4.08
HOR - FH 40 -3.6 -10.0 to 3.4 3.23
HOR - KW plane 40 -1.1 -6.2 to 5.2 2.95
HOR - P plane 40 -0.7 -7.5 to 5.5 3.44
HOR - FOP 40 -9.2 -15.9 to -2.5 3.53
HOR - Md plane 40 -26.8 -36.3 to -15.6 5.07
HOR - AtPt 40 12.4 -5.6 to 28.8 7.77
HOR - FML 40 9.3 -2.4 to 24.5 4.63
FML - AtPt 40 2.9 -12.2 to 15.3 6.23
HOR - OPT 40 83.7 70.7 to 96.4 6.47
HOR - CVT 40 82.5 68.1 to 93.9 6.37
OPT - StN 40 104.9 94.7 to 120.8 6.44
CVT - StN 40 106.1 93.7 to 121.9 6.50
KW plane - Md plane 40 -25.7 -33.9 to -16.9 4.62
Linear Variables (mm)
cv2ap - Ba 40 5.5 1.6 to 9.8 1.78
KW plane - Ba  40 7.4 4.7 to 13.1 1.92
Ba - Op 40 39.3 33.3 to 46.8 2.54






See Tables 7, 8, and 9 for descriptive statistics of the four angles and ANOVA 
comparing within and between them. The entire table data is shown of all ANOVAs in this 
thesis, because it also enables observation of each individual’s selected four angles 
statistics. Differences were found between the variances or means of the four planes’ 
angles from HOR. 
 
                        Table 7.  
ANOVA of the four planes in sample 1 T1
Subj. no. HOR - NHA HOR - FH HOR - KW plane  HOR - P plane
1 -6.5 -6.3 -3.9 -7.6
2 -5.2 -4.2 4.6 -1.5
3 -4.2 -3.2 -0.4 -4.6
4 -7.1 -5.1 -2.6 -2.1
5 -5.1 -4.2 0.6 -4.5
6 -1.3 -2.2 2.3 3.8
7 -3.4 -5.1 -0.8 -5.5
8 -5.6 -6.7 -3.5 -3.8
9 -4.0 -2.3 1.4 -0.8
10 1.5 -0.6 4.1 2.7
11 -4.8 -4.1 0.3 -5.2
12 0.9 -3.3 3.0 -1.7
13 -1.5 1.0 3.0 2.1
14 1.7 1.7 3.2 4.4
15 -1.4 0.6 2.3 2.9
16 -8.4 -1.7 1.2 -2.3
17 1.4 1.8 5.8 2.1
18 -9.9 -9.2 -1.6 -1.5
19 -4.8 -3.8 1.1 4.7
20 -6.2 -3.1 0.4 1.9
21 -2.0 -0.9 -1.0 0.9
22 0.0 -5.7 0.9 1.9
23 2.1 -1.8 1.3 -3.1
24 -6.4 -9.5 -3.3 -3.1
25 -2.0 -4.9 -2.8 -5.5
26 1.1 -2.1 2.3 -5.3
27 -11.3 -10.0 -5.1 -7.2
28 1.7 -0.9 3.7 2.7
29 -3.6 -3.4 1.2 0.2
30 -2.7 -5.9 -2.0 -2.8
31 -1.0 -3.4 2.5 3.0
32 0.6 -2.4 0.0 0.1
33 -2.6 -5.8 -1.1 1.0
34 5.4 5.4 7.7 7.9
35 -3.8 -5.4 -4.5 -4.8
36 -3.9 -5.6 -3.4 -3.2
37 -2.9 -6.0 -2.5 -0.8
38 -3.2 -6.2 0.3 -4.4
39 -4.9 -3.2 0.6 -3.3
40 -2.7 -1.1 2.6 -0.1
Total
Sum -115.9 -138.8 17.8 -42.4 -279.4
Sum of squares 811.0597 868.6204 337.9398 558.2296 2575.8
(unadjusted)
Mean -2.9 -3.5 0.4 -1.1
SD 3.49 3.15 2.91 3.63
no. subjects 40 40 40 40
Total sum of squares 2087.9
Between groups sum of squares 382.8
Within groups sum of squares 1705.1
Total degrees of freedom (d.f.)  159
Between groups d.f. 3
Within groups d.f. 156
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 382.8 3 127.6 11.67
Within groups 1705.1 156 10.9
Total 2087.9 159
Tab F = 2.65 for (3, 156) d.f. using 5% F-tables (interpolating between 120 and ? d.f. denominator). 
Since 11.67 > 2.65, Ho is rejected.   
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               Table 8. 
ANOVA of the four planes in sample 1 T2
Subj. no. HOR - NHA HOR - FH HOR - KW plane  HOR - P plane
1 -0.1 0.8 2.5 -0.7
2 -10.0 -8.7 -1.5 -6.8
3 -5.2 -2.7 -0.2 -4.8
4 -1.0 1.0 1.5 3.9
5 -6.3 -9.2 -3.6 -5.5
6 -9.1 -9.4 -5.3 -1.7
7 3.6 3.5 5.1 1.2
8 -8.2 -4.5 -6.6 -5.2
9 -5.2 -3.2 0.1 2.6
10 -3.6 -3.6 2.4 1.4
11 -5.8 -6.6 0.2 -5.9
12 -2.9 -6.1 -0.6 -4.1
13 0.5 -0.3 3.8 3.6
14 5.5 4.8 5.6 8.3
15 -2.9 -1.6 2.4 3.1
16 6.4 4.3 7.3 5.2
17 -5.3 -3.7 0.6 -3.2
18 -6.6 -5.1 -2.2 3.2
19 -1.5 -0.6 3.0 7.1
20 -1.5 -0.6 3.0 7.1
21 1.1 2.3 1.1 2.3
22 -3.6 -7.7 -4.4 -4.4
23 -3.2 -5.1 -2.7 -5.6
24 -1.6 -3.4 0.7 0.5
25 -2.0 -5.6 -4.4 -6.9
26 -0.7 -2.8 0.5 -1.7
27 -13.6 -10.1 -6.1 -3.3
28 -3.5 -2.2 -2.4 -2.3
29 -3.1 -1.9 2.1 5.1
30 -1.6 -4.0 1.2 2.3
31 -4.7 -4.0 -3.4 2.4
32 0.2 -2.5 0.4 0.5
33 -5.7 -8.3 -5.2 -0.7
34 -2.8 -4.1 -2.0 -1.5
35 3.1 1.0 3.9 3.0
36 -4.6 -6.5 -4.4 -4.2
37 3.1 0.4 0.8 4.6
38 -1.6 -4.3 0.8 -2.9
39 -4.1 -3.6 -0.4 0.5
40 -1.4 -3.8 6.0 6.3
Total
Sum -109.5 -127.7 -0.4 2.8 -234.8
Sum of squares 933.83 943.75 467.18 705.88 3050.6
(unadjusted)
Mean -2.7 -3.2 0.0 0.1
SD 4.03 3.71 3.46 4.25
no. subjects 40 40 40 40
Total sum of squares 2706.1
Between groups sum of squares 363.1
Within groups sum of squares 2343.0
Total degrees of freedom (d.f.)  159
Between groups d.f. 3
Within groups d.f. 156
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 363.1 3 121.0 8.06
Within groups 2343.0 156 15.0
Total 2706.1 159
Tab F = 2.65 for (3, 156) d.f. using 5% F-tables (interpolating between 120 and ? d.f. denominator). 
Since 8.06 > 2.65, Ho is rejected.   
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                Table 9. 
ANOVA of the four planes in sample 1 T3
Subj. no. HOR - NHA HOR - FH HOR - KW plane  HOR - P plane
1 -3.5 -2.3 -1.8 -2.9
2 -6.1 -4.4 -0.6 -3.0
3 -6.7 -4.9 -1.3 -6.6
4 -6.2 -5.0 -3.0 -1.6
5 -5.7 -2.7 -1.8 -2.7
6 -3.1 -4.0 -0.9 4.1
7 2.9 2.5 5.2 3.1
8 -7.7 -7.1 -6.1 -5.8
9 -9.6 -6.5 -3.4 -0.7
10 -2.5 -1.4 0.7 -0.2
11 -6.1 -5.5 -0.5 -4.1
12 -0.7 -4.6 1.4 -1.7
13 -5.3 -4.4 -1.4 -1.3
14 4.4 3.4 2.3 5.5
15 -11.1 -5.9 -4.4 -2.0
16 -3.1 -4.5 -3.6 -5.5
17 -6.5 -4.9 -2.1 -7.5
18 -9.1 -10.0 -6.2 -2.2
19 -5.5 -3.8 -0.4 4.9
20 -6.8 -2.6 -1.0 1.2
21 2.2 2.1 2.2 1.9
22 -0.5 -5.3 -1.1 0.4
23 3.2 1.3 4.1 -0.3
24 -6.4 -9.9 -4.3 -2.7
25 4.5 1.0 2.0 0.4
26 -6.9 -4.9 -2.5 -4.1
27 -12.6 -8.7 -5.0 -1.4
28 -2.0 -2.7 0.3 1.8
29 -1.8 -1.8 3.5 3.6
30 -3.0 -3.4 -1.4 -1.6
31 -0.1 -1.9 1.5 5.5
32 -4.7 -4.6 -6.1 -0.5
33 -0.7 -2.4 1.0 1.7
34 -2.2 -3.5 -2.0 0.6
35 1.2 1.4 2.7 0.5
36 -1.9 -2.7 -3.0 -2.0
37 -0.8 -1.2 -3.1 2.7
38 -6.5 -9.2 -5.0 -7.0
39 -5.5 -6.4 -2.5 -2.3
40 -1.3 -1.3 3.8 5.3
Total
Sum -143.8 -142.7 -43.8 -26.5 -356.8
Sum of squares 1166.98 916.17 387.38 480.35 2950.9
(unadjusted)
Mean -3.6 -3.6 -1.1 -0.7
SD 4.08 3.23 2.95 3.44
no. subjects 40 40 40 40
Total sum of squares 2155.2
Between groups sum of squares 295.9
Within groups sum of squares 1859.3
Total degrees of freedom (d.f.)  159
Between groups d.f. 3
Within groups d.f. 156
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 295.9 3 98.6 8.28
Within groups 1859.3 156 11.9
Total 2155.2 159
Tab F = 2.65 for (3, 156) d.f. using 5% F-tables (interpolating between 120 and ? d.f. denominator). 





III.1.4.1 Between T1 and T2 (Table 10) 
 
The angle HOR - StN was chosen to assess NHP reproducibility. The StN line was 
chosen due to the consistency and ease of locating St and N on lateral cephalographs, 
making it a reliable anatomical line. The mean of absolute differences was calculated by 
dividing the sum of absolute difference values by the sample size (n). The mean of 
absolute differences is valuable because it shows the average difference between head 
position between two lateral cephalographs or photographs, but it does not indicate the 
direction of head movement. The mean difference (mean d) does indicate the average 
direction, but the actual value is a result of the sum of positive and negative values divided 
by n.  
Between T1 and T2 the mean of absolute differences equalled 3.6 degrees. The 
mean difference equalled 1.0 degree, indicating that there was a very slight tendency for 
the subjects to tilt their head up between T1 and T2. The range of differences between the 
first and second observation was from -7.3 to 8.3 degrees. The standard deviation of 
differences equalled 4.35 degrees. The mean value for HOR - StN at T1 equalled 8.7 
degrees and at T2 equalled 9.7 degrees.  
There were some individuals who particularly varied more than others when 
comparing their HOR - StN between T1 and T2 such as those subjects on the extremities of 
the range of differences values. At T1 female subject 34 had a HOR - StN reading of 15.8 
degrees, and 8.5 degrees at T2, creating a difference of -7.3 degrees between T1 and T2. It 
is most likely that her head was tilted upwards at T1. Female subject 35 showed a        
HOR - StN value of 8.2 degrees at T1 and 16.5 degrees at T2, creating a difference of 8.3 
degrees between T1 and T2. She probably had her head tilted upwards in the T2 lateral 










                         Table 10.  
NHP reproducibility, measuring HOR - StN, between T1 and T2.
HOR - StN
subj. no. T1 T2 d d*d
1 5.7 13.6 7.9 62.4
2 8.5 2.6 -5.9 34.5
3 5.8 6.7 0.9 0.7
4 2.4 8.3 5.9 34.6
5 6.2 11.0 4.8 23.0
6 12.3 5.3 -7.0 49.0
7 7.5 14.3 6.8 46.2
8 7.0 3.5 -3.5 12.3
9 7.4 5.2 -2.2 4.8
10 14.1 13.8 -0.3 0.1
11 6.6 5.3 -1.3 1.7
12 11.4 8.3 -3.1 9.6
13 10.9 13.6 2.7 7.3
14 14.9 19.2 4.3 18.5
15 10.4 11.1 0.7 0.5
16 10.5 17.4 6.9 47.6
17 13.0 6.4 -6.6 43.6
18 3.5 8.3 4.8 23.0
19 9.6 11.6 2.0 4.0
20 5.8 11.6 5.8 33.6
21 10.0 11.1 1.1 1.2
22 10.7 8.0 -2.7 7.2
23 10.8 8.1 -2.7 7.3
24 2.4 6.9 4.5 19.9
25 10.4 8.3 -2.1 4.4
26 13.3 13.0 -0.3 0.1
27 3.8 2.8 -1.0 1.0
28 13.4 10.2 -3.2 10.2
29 8.1 10.4 2.3 5.3
30 7.3 14.2 6.9 47.6
31 12.7 8.8 -3.9 15.2
32 15.2 16.5 1.3 1.7
33 6.6 5.0 -1.6 2.6
34 15.8 8.5 -7.3 53.3
35 8.2 16.5 8.3 68.9
36 4.9 5.4 0.5 0.3
37 7.1 12.7 5.6 31.4
38 3.7 8.8 5.1 26.0
39 3.7 7.4 3.7 13.7
40 7.7 8.4 0.7 0.5
sum 349.4 388.1 38.7 774.8
mean 8.7 9.7 1.0 19.4
moad 3.6
SE mean d 0.7
range 2.4to15.8 2.6to19.2 -7.3to8.3
SD 3.69 4.09 4.35
C.V. 42.20 42.12
p value 0.17







III.1.4.2 Between T2 and T3 (Table 11) 
 
The mean of absolute differences was 3.5 degrees, and the mean difference was -1.0 
degree. There was a mean small head flexion when comparing HOR - StN between T2 and T3. The 
range of differences equalled -8.8 to 8.0 degrees, and standard deviation of differences equalled 
4.25 degrees. The mean value for HOR - StN at T2 equalled 9.7 degrees and at T3 equalled 8.7 
degrees. 
Those individuals who were on the extremities of the range of differences were male 
subject 16 (d = -8.8 degrees) and female subject 23 (d = 8.0) degrees. Subject 16 had a T2        
HOR - StN measurement of 17.4 degrees and a T3 measurement of 8.6 degrees. He probably had 
his head tilted upwards in the T2 lateral cephalograph. Subject 23 has a T2 HOR - StN 
measurement of 8.1 degrees and T3 measurement of 16.1 degrees. It is most likely her head was 
tilted up in the T3 lateral cephalograph.   
 
                                     Table 11. 
NHP reproducibility, measuring HOR - StN, between T2 and T3.
HOR - StN
subj. no. T2 T3 d d*d
1 13.6 8.2 -5.4 29.2
2 2.6 6.5 3.9 15.2
3 6.7 5.5 -1.2 1.4
4 8.3 3.6 -4.7 22.1
5 11.0 4.8 -6.2 38.4
6 5.3 8.8 3.5 12.3
7 14.3 15.7 1.4 2.0
8 3.5 2.9 -0.6 0.4
9 5.2 4.9 -0.3 0.1
10 13.8 10.5 -3.3 10.9
11 5.3 5.7 0.4 0.2
12 8.3 11.1 2.8 7.8
13 13.6 8.0 -5.6 31.4
14 19.2 16.6 -2.6 6.8
15 11.1 3.8 -7.3 53.3
16 17.4 8.6 -8.8 77.4
17 6.4 5.1 -1.3 1.7
18 8.3 3.2 -5.1 26.0
19 11.6 7.1 -4.5 20.3
20 11.6 3.8 -7.8 60.8
21 11.1 11.7 0.6 0.4
22 8.0 9.9 1.9 3.6
23 8.1 16.1 8.0 64.0
24 6.9 2.5 -4.4 19.4
25 8.3 15.1 6.8 46.2
26 13.0 10.0 -3.0 9.0
27 2.8 3.6 0.8 0.6
28 10.2 12.4 2.2 4.8
29 10.4 12.8 2.4 5.8
30 14.2 11.7 -2.5 6.3
31 8.8 14.6 5.8 33.6
32 16.5 10.8 -5.7 32.5
33 5.0 11.1 6.1 37.2
34 8.5 9.6 1.1 1.2
35 16.5 14.9 -1.6 2.6
36 5.4 8.3 2.9 8.4
37 12.7 8.8 -3.9 15.2
38 8.8 3.1 -5.7 32.5
39 7.4 5.3 -2.1 4.4
40 8.4 9.7 1.3 1.7
sum 388.1 346.4 -41.7 746.9
mean 9.7 8.7 -1.0 18.7
moad 3.5
SE mean d 0.7
range 2.6to19.2 2.5to16.6 -8.8to8
SD 4.09 4.14 4.25
C.V. 42.12 47.80
p value 0.13
t value 1.55  
 
48 
III.1.4.3 Between T1 and T3 (Table 12) 
 
The mean of absolute differences equalled 2.9 degrees, and the mean difference equalled    
-0.1 of a degree. On average, neither head extension or flexion were favoured on between T1 and 
T3. The range of differences was from -7.9 to 8.2 degrees, and standard deviation of differences 
equalled 3.64 degrees. The mean value for HOR - StN at T1 equalled 8.7 degrees and at T3 
equalled 8.7 degrees. 
Those individuals who were on the extremities of the range of differences were male 
subject 17 (d = -7.9 degrees) and male subject 7 (d = 8.2) degrees. Subject 17 had a T1 HOR - StN 
measurement of 13.0 degrees and a T3 measurement of 5.1 degrees. It appears that his head may 
have been somewhat tilted upwards in the T1 lateral cephalograph and downwards in the T3 lateral 
cephalography. It is difficult to predict exactly because we are assuming the mean of only one 
angle, HOR - StN, which appears to equal approximately 8.0 degrees, is true for this individual. 
Subject 7’s T1 measurement was 7.5 degrees and T3 HOR - StN equalled 15.7 degrees. His head 
was probably tilted upwards in the T3 lateral cephalograph.   
 
                                        Table 12. 
NHP reproducibility, measuring HOR - StN, between T1 and T3.
HOR - StN
subj. no. T1 T3 d d*d
1 5.7 8.2 2.5 6.3
2 8.5 6.5 -2.0 3.9
3 5.8 5.5 -0.3 0.1
4 2.4 3.6 1.2 1.4
5 6.2 4.8 -1.4 2.0
6 12.3 8.8 -3.5 12.3
7 7.5 15.7 8.2 67.2
8 7.0 2.9 -4.1 16.8
9 7.4 4.9 -2.5 6.3
10 14.1 10.5 -3.6 13.0
11 6.6 5.7 -0.9 0.8
12 11.4 11.1 -0.3 0.1
13 10.9 8.0 -2.9 8.4
14 14.9 16.6 1.7 2.9
15 10.4 3.8 -6.6 43.6
16 10.5 8.6 -1.9 3.6
17 13.0 5.1 -7.9 62.4
18 3.5 3.2 -0.3 0.1
19 9.6 7.1 -2.5 6.3
20 5.8 3.8 -2.0 4.0
21 10.0 11.7 1.7 2.9
22 10.7 9.9 -0.8 0.6
23 10.8 16.1 5.3 28.0
24 2.4 2.5 0.1 0.0
25 10.4 15.1 4.7 22.1
26 13.3 10.0 -3.3 10.9
27 3.8 3.6 -0.2 0.0
28 13.4 12.4 -1.0 1.0
29 8.1 12.8 4.7 22.1
30 7.3 11.7 4.4 19.4
31 12.7 14.6 1.9 3.6
32 15.2 10.8 -4.4 19.4
33 6.6 11.1 4.5 20.3
34 15.8 9.6 -6.2 38.4
35 8.2 14.9 6.7 44.9
36 4.9 8.3 3.4 11.6
37 7.1 8.8 1.7 2.9
38 3.7 3.1 -0.6 0.4
39 3.7 5.3 1.6 2.6
40 7.7 9.7 2.0 4.0
sum 349.4 346.4 -3.0 516.1
mean 8.7 8.7 -0.1 12.9
moad 2.9
SE mean d 0.6
range 2.4to15.8 2.5to16.6 -7.9to8.2
SD 3.69 4.14 3.64
C.V. 42.20 47.80
p value 0.90
t value 0.13  
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III.2 Sample 2 
 




Paired t-tests demonstrated p values less than 0.05 for HOR - PM plane, NHA - PM plane 
and PM plane - PM vertical (all showed p = 0.00). HOR - EN plane and cv2
ap - Ba had p values of 





  HOR - PM plane, NHA - PM plane, PM plane - PM vertical, FML - AtPt, cv2
ap - Ba, and 
Ba - Op demonstrated random error greater than 10%. The random error was less than 10% in all 
other variables.  
 
See the appendix for detailed reliability statistics (pp. 123-129). 
 
               Table 13.  
Sample 2: Reliability of hard tissue measurements
Systematic error Random error
Ang. Variables (deg.) n mean dSE mean d p value t value Dahlberg Error %
HOR - PM plane 8 -2.8 0.5 0.00 5.81 2.19 49.3
NHA - PM plane 8 -3.3 0.6 0.00 5.79 2.59 15.2
PM plane - PM vert. 8 1.3 0.2 0.00 5.75 0.99 32.0
HOR - SN 8 -0.5 0.3 0.16 1.58 0.67 2.4
HOR - StN 8 -0.2 0.2 0.39 0.93 0.49 1.2
HOR - NHA 8 0.5 0.4 0.22 1.33 0.82 1.7
HOR - FH 8 -0.5 0.5 0.35 1.01 0.94 5.1
HOR - KW plane 8 -0.2 0.1 0.18 1.49 0.25 0.3
HOR - P plane 8 -1 0.4 0.06 2.26 1.10 9.1
HOR - FOP 8 0.1 0.3 0.83 0.22 0.63 1.6
HOR - Md plane 8 0 0.3 0.87 0.16 0.57 0.8
HOR - AtPt 8 -0.1 0.5 0.82 0.24 0.90 1.3
HOR - FML 8 0.4 0.6 0.54 0.64 1.12 1.7
FML - AtPt 8 -0.5 0.8 0.58 0.28 1.62 10.4
HOR - OPT 8 0.2 0.5 0.66 0.47 0.97 3.5
HOR - CVT 8 0.1 0.3 0.78 0.29 0.49 0.8
OPT - StN 8 -0.5 0.4 0.32 1.07 0.87 2.0
CVT - StN 8 -0.3 0.4 0.42 0.85 0.72 1.3
KW plane - Md plane 8 0.1 0.3 0.65 0.47 0.60 2.2
Lin. Variables (mm)
cv2ap - Ba 8 1.4 0.5 0.03 2.81 1.36 91.5
KW plane - Ba  8 0.2 0.3 0.49 0.73 0.57 3.1
Ba - Op 8 -0.4 1.2 0.75 0.33 2.19 78.4
At - Pt 8 -0.5 0.5 0.38 0.93 1.03 9.4
NB. Significant p values (p < 0.05), and error % > 10% are in bold.  
 
               Table 14.  
Sample 2: Reliability of HOR - EN plane
Systematic error Random error
Ang. Variables (deg.) n mean dSE mean d p value t value Dahlberg Error %
HOR - EN plane 8 -0.3 0.1 0.04 2.51 0.31 0.5
NB. Significant p values (p < 0.05), and error % > 10% are in bold.   
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III.2.2 Descriptive statistics (Tables 15 and 16) 
 
Table 15 shows the descriptive statistics of the hard tissue measurements of the 
sample 2. Table 16 shows the soft tissue measurement, HOR - EN plane, descriptive 
statistics. The four planes: NHA, FH, KW plane, and P plane, appeared to demonstrate 
near parallelism. Generally, there was a large SD and range of the variables. The         
HOR - EN plane was nearly horizontal and showed a very slight downwards inclination on 
average (mean = -0.8 of a degree). See the appendix for sample 2 detailed descriptive 
statistics (pp. 130-135). 
 
Table 15. 
Sample 2 hard tissue descriptive statistics.
n mean range SD
Angular Variables (degrees)
HOR - PM plane 40 85.8 77.3 to 93.5 3.90
NHA - PM plane 40 86.3 71.8 to 95.4 4.74
PM plane - PM vertical 40 -1.5 -5.4 to 1.5 1.79
HOR - SN 40 9.7 2.0 to 17.5 4.20
HOR - StN 40 12.5 4.5 to 20.5 4.14
HOR - NHA 40 -0.5 -8.1 to 12.6 4.49
HOR - FH 40 -1.3 -17.1 to 7.4 4.19
HOR - KW plane 40 0.9 -13.1 to 11.1 4.33
HOR - P plane 40 2.1 -5.5 to 9.7 3.79
HOR - FOP 40 -9.8 -19.9 to -1.3 4.05
HOR - Md plane 40 -24.2 -35.1 to -13.6 5.16
HOR - AtPt 40 16.8 -1.1 to 30.6 6.93
HOR - FML 40 8.6 -5.0 to 25.9 5.95
FML - AtPt 40 8.1 -3.3 to 20.5 5.36
HOR - OPT 40 89.5 78.7 to 106.9 7.01
HOR - CVT 40 86.0 74.1 to 101.0 6.47
OPT - StN 40 103.1 81.9 to 116.5 8.00
CVT - StN 40 106.5 86.6 to 118.8 7.36
KW plane - Md plane 40 -25.1 -35.9 to -14.2 5.18
Linear Variables (mm)
cv2ap - Ba 40 5.8 2.0 to 10.0 1.80
KW plane - Ba  40 5.4 0.0 to 11.0 2.69
Ba - Op 40 40.7 35.3 to 47.0 2.92
At - Pt 40 50.4 43.1 to 60.1 4.19  
  
Table 16. 
Sample 2 HOR - EN plane descriptive statistics.
n mean range SD
Angular Variable (degrees)
HOR - EN plane 40 -0.8 -12.8 to 16.1 4.99  





See Table 17 for descriptive statistics of the chosen four planes’ angles from HOR, and 
ANOVA comparing within and between them. Differences were found between the 
variances or means of the four planes’ angles from HOR. 
   
                     Table 17. 
ANOVA of the four planes in sample 2
Subj. no. HOR - NHA HOR - FH HOR - KW plane  HOR - P plane
1 2.3 1.0 -0.6 1.6
2 -0.2 -1.7 1.3 5.5
3 -4.7 -1.5 0.0 -2.1
4 12.6 7.4 11.1 9.7
5 0.9 2.0 2.5 6.5
6 -0.8 2.0 1.3 5.9
7 -4.7 -4.1 -1.3 -1.3
8 -7.6 -4.8 -5.1 2.0
9 4.6 0.3 3.3 6.1
10 3.1 1.5 3.9 4.8
11 -1.1 0.5 2.6 -0.3
12 -3.2 -4.3 -3.5 0.4
13 2.7 3.8 5.0 2.6
14 1.7 1.7 0.7 -4.5
15 5.4 4.1 8.6 8.3
16 5.1 3.8 7.7 6.6
17 3.9 -0.4 2.9 3.6
18 -2.3 0.1 3.0 7.1
19 3.6 2.1 4.3 3.9
20 1.6 2.9 6.9 3.4
21 -5.1 -6.5 -1.9 -2.1
22 -8.1 -3.2 0.5 1.9
23 -5.9 -3.6 -2.4 -0.7
24 -3.2 -3.9 -0.4 4.1
25 -5.8 -6.0 -5.9 2.2
26 0.1 -0.9 0.9 4.0
27 4.0 3.4 2.6 9.0
28 -4.3 -1.4 2.6 2.9
29 6.2 2.8 6.4 4.3
30 -2.3 -3.7 -1.1 -5.5
31 -1.7 -3.0 1.0 -4.1
32 -6.5 -6.0 0.2 1.1
33 -1.3 -3.9 -2.6 0.3
34 -0.6 -0.6 0.8 -0.6
35 2.6 -0.4 -0.7 -4.6
36 0.9 -2.4 -0.6 2.2
37 -7.2 -5.1 -5.3 2.1
38 -4.6 -17.1 -13.1 -2.4
39 1.6 -1.6 1.5 1.3
40 -2.3 -4.5 -1.4 0.5
Total
Sum -20.6 -51.2 35.7 85.7 49.6
Sum of squares 795.3281 751.64 762.55 745.05 3054.6
(unadjusted)
Mean -0.5 -1.3 0.9 2.1
SD 4.49 4.19 4.33 3.79
no. subjects 40 40 40 40
Total sum of squares 3039.2
Between groups sum of squares 276.2
Within groups sum of squares 2763.0
Total degrees of freedom (d.f.)  159
Between groups d.f. 3
Within groups d.f. 156
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 276.2 3 92.1 5.20
Within groups 2763.0 156 17.7
Total 3039.2 159
Tab F = 2.65 for (3, 156) d.f. using 5% F-tables (interpolating between 120 and ? d.f. denominator). 
Since 5.20 > 2.65, Ho is rejected.   
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Figure 31. Lateral photograph of subject 7 of sample 2. 
 
 






Figure 33. Lateral photograph of subject 17 of sample 2. 
 
 






Figure 35. Lateral photograph of subject 25 of sample 2. 
 
 






Figure 37. Lateral photograph of subject 26 of sample 2. 
 
 






Figure 39. Lateral photograph of subject 32 of sample 2. 
 
 






Figure 41. Lateral photograph of subject 33 of sample 2. 
 
 
Figure 42. Lateral cephalograph of subject 33 of sample 2.  
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III.3 Sample 3 
 




Paired t-tests showed p values less than 0.05 for NHA - PM plane (p = 0.00), HOR - NHA 
(p = 0.00), and HOR - FOP (p = 0.01). The linear measurement, cv2
ap, also demonstrated 





  The random error was greater than 10% in NHA - PM plane, PM plane - PM vertical,  
HOR - NHA, HOR - P plane, HOR - FML, cv2
ap - Ba, and Ba - Op.  
 
See the appendix for detailed reliability statistics (pp. 136-142). 
 
                    Table 18. 
Sample 3: Reliability of hard tissue measurements
Systematic error Random error
Ang. Variables (deg.) n mean dSE mean d p value t value Dahlberg Error %
HOR - PM plane 8 -1.2 0.5 0.05 2.42 1.26 10.0
NHA - PM plane 8 -2.2 0.5 0.00 4.78 1.77 16.7
PM plane - PM vert. 8 0.2 0.3 0.59 0.57 0.55 10.3
HOR - SN 8 -0.6 0.3 0.11 1.86 0.78 9.4
HOR - StN 8 -0.4 0.4 0.40 0.90 0.77 8.4
HOR - NHA 8 1 0.2 0.00 5.74 0.78 17.3
HOR - FH 8 -0.2 0.2 0.35 1.01 0.47 5.0
HOR - KW plane 8 -0.1 0.1 0.50 0.71 0.24 1.2
HOR - P plane 8 0.1 0.8 0.95 0.06 1.48 26.6
HOR - FOP 8 -0.7 0.2 0.01 3.39 0.61 4.9
HOR - Md plane 8 0.3 0.2 0.12 1.78 0.41 0.5
HOR - AtPt 8 0.1 0.3 0.71 0.39 0.49 1.1
HOR - FML 8 -0.5 1.1 0.69 0.42 2.14 13.9
FML - AtPt 8 -0.1 0.9 0.92 0.10 1.64 8.7
HOR - OPT 8 0.8 0.6 0.24 1.29 1.23 2.9
HOR - CVT 8 0.2 0.2 0.39 0.91 0.49 0.5
OPT - StN 8 -1.1 0.6 0.11 1.82 1.39 2.5
CVT - StN 8 -0.6 0.3 0.07 2.15 0.69 0.7
KW plane - Md plane 8 0.4 0.2 0.08 2.01 0.48 0.6
Lin. Variables (mm)
cv2ap - Ba 8 0.4 0.3 0.26 1.23 0.61 28.0
KW plane - Ba  8 -0.1 0.3 0.60 0.54 0.48 4.2
Ba - Op 8 0.1 0.6 0.87 0.17 1.11 12.0
At - Pt 8 -0.5 0.7 0.51 0.70 1.29 8.0
NB. Significant p values (p < 0.05), and error % > 10% are in bold.  
  
                    Table 19.  
Sample 3: Reliability of EN plane - KW plane, In - KW plane, and Nt - KW plane
Systematic error Random error
Ang. Variables (deg.) n mean dSE mean d p value t value Dahlberg Error %
EN plane - KW plane 8 0 0 0.45 0.80 0.06 0.0
Lin. Variables (mm)
In - KW plane 8 0.2 0.1 0.10 1.93 0.20 0.1
Nt - KW plane 8 0.2 0.1 0.05 2.30 0.18 0.6
NB. Significant p values (p < 0.05), and error % > 10% are in bold.   
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III.3.2 Descriptive statistics (Tables 20 and 21) 
 
Table 20 shows the descriptive statistics of the hard tissue measurements of sample 2. 
Table 21 shows the soft tissue measurements, EN plane - KW plane, In - KW plane, and               
Nt - KW plane descriptive statistics. The four planes: NHA, FH, KW plane, and P plane, appeared 
to demonstrate near parallelism. Generally, there was a large SD and range of the variables. The 
average inclination of EN plane - KW plane equalled -1.1 degrees. That is, the KW plane had a 
slight negative inclination from the EN plane on average. The average locations of landmarks In 
and Nt to the KW plane were -2.0 and -4.8mm respectively. The location of KW plane related to In 
showed a particularly large standard deviation of 7.11mm and range of -16.7 to 15.4mm, 
suggesting that there is substantial variation in the vertical location of Occ and In between 
individuals. The vertical relation of the Nt to Max is much more consistent between individuals. 
See the appendix (pp. 143-148) for detailed sample 3 descriptive statistics. 
 
                     Table 20. 
Sample 3 hard tissue descriptive statistics.
n mean range SD
Angular Variables (degrees)
HOR - PM plane 40 80.1 70.5 to 92.1 5.37
NHA - PM plane 40 84.2 76.4 to 92.5 3.55
PM plane - PM vertical 40 -1.1 -4.7 to 2.2 1.83
HOR - SN 40 6.3 -2.3 to 19.2 4.29
HOR - StN 40 8.5 -12.2 to 21.8 5.31
HOR - NHA 40 -4.0 -11.1 to 8.2 4.49
HOR - FH 40 -4.6 -11.3 to 7.9 4.18
HOR - KW plane 40 -2.8 -10.6 to 10.2 4.54
HOR - P plane 40 -1.3 -10.0 to 11.7 4.88
HOR - FOP 40 -14.2 -21.5 to -0.9 4.67
HOR - Md plane 40 -25.7 -37.9 to -10.1 5.91
HOR - AtPt 40 12.3 -2.2 to 22.7 6.26
HOR - FML 40 5.1 -7.7 to 18.3 6.73
FML - AtPt 40 7.6 -4.9 to 16.8 5.33
HOR - OPT 40 89.4 73.3 to 105.2 7.98
HOR - CVT 40 84.8 67.5 to 99.5 8.02
OPT - StN 40 99.4 85.0 to 115.0 8.33
CVT - StN 40 104.0 85.0 to 124.5 8.89
KW plane - Md plane 40 -22.9 -34.7 to -13.0 4.85
40
Linear Variables (mm) 40
cv2ap - Ba 40 5.2 2.0 to 9.3 1.76
KW plane - Ba  40 4.6 0.0 to 12.4 2.45
Ba - Op 40 36.3 29.8 to 41.6 2.73
At - Pt 40 43.5 38.3 to 52.0 3.50 
                   
              Table 21. 
Sample 3 EN plane - KW plane, In - KW plane, and Nt - KW plane descriptive statistics.
n mean range SD
Angular Variable (degrees)
EN plane - KW plane 40 -1.1 -9.2 to 7.9 4.26
Linear Variables (mm)
In - KW plane 40 -2.0 -16.7 to 15.4 7.11





See Table 22 for descriptive statistics of the four planes’ angles from HOR, and 
ANOVA comparing within and between them. Differences were found between the 
variances or means of the four planes’ angles from HOR. 
   
                     Table 22. 
ANOVA of the four planes in sample 3
Subj. no. HOR - NHA HOR - FH OR - KW plane  HOR - P plane
1 -1.4 -4.2 -1.9 -2.5
2 -6.9 -4.3 -8.8 -2.5
3 -1.7 -3.9 -6.8 3.0
4 -6.9 -5.5 -5.9 -3.1
5 -6.9 -8.7 -3.3 -3.6
6 -4.4 -2.6 3.3 -7.2
7 -2.3 -5.2 -0.5 1.8
8 -0.3 -1.9 2.1 1.6
9 -7.7 -5.3 -2.5 -1.5
10 1.0 -2.3 2.8 3.2
11 -11.1 -8.2 -10.6 -4.6
12 -6.9 -10.8 -6.9 -5.0
13 -0.1 -2.0 0.7 7.7
14 -0.6 1.7 5.3 3.2
15 -2.2 -4.6 -0.8 -2.9
16 -9.7 -9.6 -8.7 -10.0
17 -9.1 -9.0 -5.1 -3.5
18 -8.6 -4.4 -5.3 1.3
19 -6.6 -6.0 -6.7 -0.9
20 -8.9 -7.6 -5.2 -8.5
21 -5.1 -2.7 -3.0 1.3
22 -4.8 -3.9 -4.2 -5.7
23 -2.3 -1.7 -1.8 0.8
24 -6.3 -6.6 -3.8 -4.5
25 -1.7 -6.6 -3.1 -5.5
26 -2.0 -2.9 -1.8 -4.5
27 -3.9 -4.8 2.4 -1.7
28 -9.8 -10.7 -6.9 -8.6
29 -2.9 -3.4 -5.0 -1.3
30 -8.8 -9.3 -8.2 -5.2
31 -10.4 -11.3 -8.4 -7.9
32 -5.0 -8.2 -5.0 -1.1
33 -8.2 -9.0 -6.1 -6.6
34 4.5 6.8 6.7 7.2
35 2.4 -4.3 -3.1 5.2
36 -1.5 -2.9 -1.6 3.3
37 8.2 7.9 10.2 11.7
38 4.2 1.0 0.8 3.2
39 -6.6 -6.5 -4.2 -3.2
40 -0.2 -1.9 0.6 3.3
Total
Sum -161.5 -185.4 -110.3 -53.8 -511.0
Sum of squares 1437.6181 1541.12 1108.83 1001.66 5089.2
(unadjusted)
Mean -4.0 -4.6 -2.8 -1.3
SD 4.49 4.18 4.54 4.88
no. subjects 40 40 40 40
Total sum of squares 3457.2
Between groups sum of squares 255.9
Within groups sum of squares 3201.2
Total degrees of freedom (d.f.)  159
Between groups d.f. 3
Within groups d.f. 156
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 255.9 3 85.3 4.16
Within groups 3201.2 156 20.5
Total 3457.2 159
Tab F = 2.65 for (3, 156) d.f. using 5% F-tables (interpolating between 120 and ? d.f. denominator). 
Since 4.16 > 2.65, Ho is rejected.   
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Figure 43. Lateral photograph of subject 6  
of sample 3. 
 
 
Figure 45. Superimposition of lateral photograph and lateral cephalograph of subject 6 of 
sample 3. 
 
Figure 44. Lateral cephalograph of subject 6 











Figure 46. Lateral photograph of subject 8  
of sample 3. 
 
 









Figure 50. Lateral cephalograph of subject 10 
of sample 3. 
 
 
Figure 49. Lateral photograph of subject 10  
of sample 3. 
 
 
Figure 51. Superimposition of lateral photograph and lateral cephalograph of subject 10 of 
the sample 3. The appearance of the planes are consistent with the average findings of a 
slight downwards sloping KW plane from the EN plane. In this case EN plane - KW plane 
= -1.3 degrees (mean = -1.1 degrees), and In - KW plane = -3.2mm (mean = -2.0mm), and 








Figure 53. Lateral cephalograph of subject 16 of 
sample 3. 
 
Figure 52. Lateral photograph of subject  




Figure 54. Superimposition of lateral photograph and lateral cephalograph of subject 16 of 
sample 3. This is another example of an individual relatively close to the mean relationship 
of EN plane to KW plane. EN plane - KW plane = -1.6 degrees (mean = -1.1 degrees); In - 
KW plane = -3.3mm (mean = -2.0mm); and Nt - KW plane = -6.3mm (mean = -4.9mm). 








Figure 56. Lateral cephalograph of subject 25 of 
sample 3. 
 
Figure 55. Lateral photograph of subject 25 
of sample 3. Note that the photograph is taken from 
a slightly oblique perspective, which can make  
superimposition onto the lateral cephalograph less accurate. 
 
 









Figure 59. Lateral cephalograph of subject 32 
of sample 3. 
 
 
Figure 58. Lateral photograph of subject 32  
of sample 3. 
 
 














Figure 61. Lateral photograph of subject 38  
of sample 3. 
 
 









Figure 65. Lateral cephalograph of subject 39 
of sample 3. 
 
 
Figure 64. Lateral photograph of subject 39 of  
sample 3. The oblique angle of the photograph makes  
superimposition on the lateral cephalograph less accurate. 
 
 





III.4 Four planes inter-study comparisons 
 
III.4.1 Four planes descriptive statistics summary 
 
Table 23 shows the descriptive statistics of the four planes, NHA, FH, KW plane, 
and P plane measured from HOR with subjects in NHP in all samples. 
 
               Table 23. 
Four planes summary of sample 1 (T1, T2, T3), sample 2, and sample 3
Sample Angular variables n mean range SD
(degrees)
sample 1 T1 HOR - NHA 40 -2.9 -11.3 to 5.4 3.49
HOR - FH 40 -3.5 -10.0 to 5.4 3.15
HOR - KW plane 40 0.4 -5.1 to 7.7 2.91
HOR - P plane 40 -1.1 -7.6 to 7.9 3.63
sample 1 T2 HOR - NHA 40 -2.7 -13.6 to 6.4 4.03
HOR - FH 40 -3.2 -10.1 to 4.8 3.71
HOR - KW plane 40 0.0 -6.6 to 7.3 3.46
HOR - P plane 40 0.1 -6.9 to 8.3 4.25
sample 1 T3 HOR - NHA 40 -3.6 -12.6 to 4.5 4.08
HOR - FH 40 -3.6 -10.0 to 3.4 3.23
HOR - KW plane 40 -1.1 -6.2 to 5.2 2.95
HOR - P plane 40 -0.7 -7.5 to 5.5 3.44
sample 2 HOR - NHA 40 -0.5 -8.1 to 12.6 4.49
HOR - FH 40 -1.3 -17.1 to 7.4 4.19
HOR - KW plane 40 0.9 -13.1 to 11.1 4.33
HOR - P plane 40 2.1 -5.5 to 9.7 3.79
sample 3 HOR - NHA 40 -4.0 -11.1 to 8.2 4.49
HOR - FH 40 -4.6 -11.3 to 7.9 4.18
HOR - KW plane 40 -2.8 -10.6 to 10.2 4.54



















Tables 24 to 27 show ANOVA of each of the four planes comparison between all 
samples. Of the Aboriginal Australian samples, only sample 1 T2 was compared with, 
because T2 age was similar to the ages of the orthodontic patients of sample 2 and sample 
3. Differences were found in all ANOVA’s. 
 
                         Table 24.  
ANOVA of HOR - NHA in sample 1 T2, sample 2, and sample 3 
Subj. no. Abo. T2 Fricker Goone.
1 -0.1 2.3 -1.4
2 -10.0 -0.2 -6.9
3 -5.2 -4.7 -1.7
4 -1.0 12.6 -6.9
5 -6.3 0.9 -6.9
6 -9.1 -0.8 -4.4
7 3.6 -4.7 -2.3
8 -8.2 -7.6 -0.3
9 -5.2 4.6 -7.7
10 -3.6 3.1 1.0
11 -5.8 -1.1 -11.1
12 -2.9 -3.2 -6.9
13 0.5 2.7 -0.1
14 5.5 1.7 -0.6
15 -2.9 5.4 -2.2
16 6.4 5.1 -9.7
17 -5.3 3.9 -9.1
18 -6.6 -2.3 -8.6
19 -1.5 3.6 -6.6
20 -1.5 1.6 -8.9
21 1.1 -5.1 -5.1
22 -3.6 -8.1 -4.8
23 -3.2 -5.9 -2.3
24 -1.6 -3.2 -6.3
25 -2.0 -5.8 -1.7
26 -0.7 0.1 -2.0
27 -13.6 4.0 -3.9
28 -3.5 -4.3 -9.8
29 -3.1 6.2 -2.9
30 -1.6 -2.3 -8.8
31 -4.7 -1.7 -10.4
32 0.2 -6.5 -5.0
33 -5.7 -1.3 -8.2
34 -2.8 -0.6 4.5
35 3.1 2.6 2.4
36 -4.6 0.9 -1.5
37 3.1 -7.2 8.2
38 -1.6 -4.6 4.2
39 -4.1 1.6 -6.6
40 -1.4 -2.3 -0.2
Total
Sum -109.5 -20.6 -161.5 -291.6
Sum of squares 933.8 795.3 1437.6 3166.8
(unadjusted)
Mean -2.7 -0.5 -4.0
SD 4.03 4.49 4.49
no. subjects 40 40 40
Total sum of squares 2458.2
Between groups sum of squares 253.9
Within groups sum of squares 2204.3
Total degrees of freedom (d.f.)  119
Between groups d.f. 2
Within groups d.f. 117
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 253.9 2 127.0 6.74
Within groups 2204.3 117 18.8
Total 2458.2 119
Tab F = 3.08 for (2, 117) d.f. using 5% F-tables (interpolating between 60 and 120 d.f. denominator).
Since 6.74 > 3.08, Ho is rejected.   
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            Table 25. 
ANOVA of HOR - FH in sample 1 T2, sample 2, and sample 3 
Subj. no. Abo. T2 Fricker Goone.
1 0.8 1.0 -4.2
2 -8.7 -1.7 -4.3
3 -2.7 -1.5 -3.9
4 1.0 7.4 -5.5
5 -9.2 2.0 -8.7
6 -9.4 2.0 -2.6
7 3.5 -4.1 -5.2
8 -4.5 -4.8 -1.9
9 -3.2 0.3 -5.3
10 -3.6 1.5 -2.3
11 -6.6 0.5 -8.2
12 -6.1 -4.3 -10.8
13 -0.3 3.8 -2.0
14 4.8 1.7 1.7
15 -1.6 4.1 -4.6
16 4.3 3.8 -9.6
17 -3.7 -0.4 -9.0
18 -5.1 0.1 -4.4
19 -0.6 2.1 -6.0
20 -0.6 2.9 -7.6
21 2.3 -6.5 -2.7
22 -7.7 -3.2 -3.9
23 -5.1 -3.6 -1.7
24 -3.4 -3.9 -6.6
25 -5.6 -6.0 -6.6
26 -2.8 -0.9 -2.9
27 -10.1 3.4 -4.8
28 -2.2 -1.4 -10.7
29 -1.9 2.8 -3.4
30 -4.0 -3.7 -9.3
31 -4.0 -3.0 -11.3
32 -2.5 -6.0 -8.2
33 -8.3 -3.9 -9.0
34 -4.1 -0.6 6.8
35 1.0 -0.4 -4.3
36 -6.5 -2.4 -2.9
37 0.4 -5.1 7.9
38 -4.3 -17.1 1.0
39 -3.6 -1.6 -6.5
40 -3.8 -4.5 -1.9
Total
Sum -127.7 -51.2 -185.4 -364.3
Sum of squares 943.8 751.6 1541.1 3236.5
(unadjusted)
Mean -3.2 -1.3 -4.6
SD 3.71 4.19 4.18
no. subjects 40 40 40
Total sum of squares 2130.6
Between groups sum of squares 226.6
Within groups sum of squares 1904.0
Total degrees of freedom (d.f.)  119
Between groups d.f. 2
Within groups d.f. 117
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 226.6 2 113.3 6.96
Within groups 1904.0 117 16.3
Total 2130.6 119
Tab F = 3.08 for (2, 117) d.f. using 5% F-tables (interpolating between 60 and 120 d.f. denominator).
Since 6.96 > 3.08, Ho is rejected.   
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            Table 26. 
ANOVA of HOR - KW plane in sample 1 T2, sample 2, and sample 3 
Subj. no. Abo. T2 Fricker Goone.
1 2.5 -0.6 -1.9
2 -1.5 1.3 -8.8
3 -0.2 0.0 -6.8
4 1.5 11.1 -5.9
5 -3.6 2.5 -3.3
6 -5.3 1.3 3.3
7 5.1 -1.3 -0.5
8 -6.6 -5.1 2.1
9 0.1 3.3 -2.5
10 2.4 3.9 2.8
11 0.2 2.6 -10.6
12 -0.6 -3.5 -6.9
13 3.8 5.0 0.7
14 5.6 0.7 5.3
15 2.4 8.6 -0.8
16 7.3 7.7 -8.7
17 0.6 2.9 -5.1
18 -2.2 3.0 -5.3
19 3.0 4.3 -6.7
20 3.0 6.9 -5.2
21 1.1 -1.9 -3.0
22 -4.4 0.5 -4.2
23 -2.7 -2.4 -1.8
24 0.7 -0.4 -3.8
25 -4.4 -5.9 -3.1
26 0.5 0.9 -1.8
27 -6.1 2.6 2.4
28 -2.4 2.6 -6.9
29 2.1 6.4 -5.0
30 1.2 -1.1 -8.2
31 -3.4 1.0 -8.4
32 0.4 0.2 -5.0
33 -5.2 -2.6 -6.1
34 -2.0 0.8 6.7
35 3.9 -0.7 -3.1
36 -4.4 -0.6 -1.6
37 0.8 -5.3 10.2
38 0.8 -13.1 0.8
39 -0.4 1.5 -4.2
40 6.0 -1.4 0.6
Total
Sum -0.4 35.7 -110.3 -75.0
Sum of squares 467.2 762.6 1108.8 2338.6
(unadjusted)
Mean 0.0 0.9 -2.8
SD 3.46 4.33 4.54
no. subjects 40 40 40
Total sum of squares 2291.7
Between groups sum of squares 289.1
Within groups sum of squares 2002.5
Total degrees of freedom (d.f.)  119
Between groups d.f. 2
Within groups d.f. 117
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 289.1 2 144.6 8.45
Within groups 2002.5 117 17.1
Total 2291.7 119
Tab F = 3.08 for (2, 117) d.f. using 5% F-tables (interpolating between 60 and 120 d.f. denominator).
Since 8.45 > 3.08, Ho is rejected.   
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            Table 27.  
ANOVA of HOR - P plane in sample 1 T2, sample 2, and sample 3 
Subj. no. Abo. T2 Fricker Goone.
1 -0.7 1.6 -2.5
2 -6.8 5.5 -2.5
3 -4.8 -2.1 3.0
4 3.9 9.7 -3.1
5 -5.5 6.5 -3.6
6 -1.7 5.9 -7.2
7 1.2 -1.3 1.8
8 -5.2 2.0 1.6
9 2.6 6.1 -1.5
10 1.4 4.8 3.2
11 -5.9 -0.3 -4.6
12 -4.1 0.4 -5.0
13 3.6 2.6 7.7
14 8.3 -4.5 3.2
15 3.1 8.3 -2.9
16 5.2 6.6 -10.0
17 -3.2 3.6 -3.5
18 3.2 7.1 1.3
19 7.1 3.9 -0.9
20 7.1 3.4 -8.5
21 2.3 -2.1 1.3
22 -4.4 1.9 -5.7
23 -5.6 -0.7 0.8
24 0.5 4.1 -4.5
25 -6.9 2.2 -5.5
26 -1.7 4.0 -4.5
27 -3.3 9.0 -1.7
28 -2.3 2.9 -8.6
29 5.1 4.3 -1.3
30 2.3 -5.5 -5.2
31 2.4 -4.1 -7.9
32 0.5 1.1 -1.1
33 -0.7 0.3 -6.6
34 -1.5 -0.6 7.2
35 3.0 -4.6 5.2
36 -4.2 2.2 3.3
37 4.6 2.1 11.7
38 -2.9 -2.4 3.2
39 0.5 1.3 -3.2
40 6.3 0.5 3.3
Total
Sum 2.8 85.7 -53.8 34.7
Sum of squares 705.9 745.1 1001.7 2452.6
(unadjusted)
Mean 0.1 2.1 -1.3
SD 4.25 3.79 4.88
no. subjects 40 40 40
Total sum of squares 2442.6
Between groups sum of squares 246.1
Within groups sum of squares 2196.4
Total degrees of freedom (d.f.)  119
Between groups d.f. 2
Within groups d.f. 117
Ho: μ1 = μ2 = μ3 = μ4   
  = 0.05 ie. significance level is 5%
Source of variation SS d.f. Mean Square Calc. F-ratio
Between groups 246.1 2 123.1 6.55
Within groups 2196.4 117 18.8
Total 2442.6 119
Tab F = 3.08 for (2, 117) d.f. using 5% F-tables (interpolating between 60 and 120 d.f. denominator).
Since 6.55 > 3.08, Ho is rejected.   
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III.4.3 Comparison of four planes with other studies’ measurements 
 
Other studies (Bjerin, 1957; Cooke and Wei, 1988b; Downs, 1956; Foster et al., 
1981; Leitao and Nanda, 2000; Lundström and Lundström, 1992; Lundström and 
Lundström, 1995; Moorrees and Kean, 1958; Solow and Siersbaek-Nielsen, 1986; Solow 
and Tallgren, 1976; Sonnesen and Bakke, 2005; Tecco et al., 2005; Barbera, 2005; 
Madsen, 2007; Barbera et al., 2008; Madsen et al., 2008) have investigated some of these 
four planes in relation to HOR or VER with subjects in NHP (Table 28). Most commonly, 
the HOR - FH and/or HOR - P plane was measured. In the studies that used VER, the 
values have been converted to HOR for comparison purposes. Interesting variations in 
means, SD’s, and ranges were obtained between different studies. When comparing the 
four angles from this study to other studies there are some differences, but if averaged the 
mean angle is close to 0 to -3 degrees. For example, the mean value of HOR - FH from all 
studies combined is -1.0 degree and that of HOR - P plane equals -2.0 degrees. 
 
  
Table 28. Comparison of HOR - NHA, HOR - FH, HOR - KW plane, and HOR - P plane with other studies
HOR - NHA HOR - FH HOR - KW plane HOR - P plane
Authors, Date m/f,n mean SD range study features m/f,n mean SD range study features m/f,n mean SD range study features m/f,n mean SD range study features
Schmidt, 1876 5.5 Von Ihering's line
(cited by Moorrees 5.8 Von Ihering's line
and Kean, 1958)
Downs, 1956 100 1.3 5.00 Soft tissue palpation of FH
Bjerin, 1957 35 -1.8 4.55 Standing
35 -0.1 4.26 Sitting
Moorrees and  f 66 -2.2 4.02 Condylion replacing Po, NHP 66F -3.3 3.55 Not really HOR - KW plane,
Kean, 1958 f 61 -1.7 3.68 CHP 61F -2.8 3.57 was HOR - HIS
Solow & Tallgren, m 120 -8.5 5.02 -22.0to9.3 Self balance position
1976 m 120 -5.5 4.69 -16.5to9.5 Mirror position
Foster, Howat, & 90 -2.3 5.91 -18.0to13.0 90 -2.6 6.38 -17.0to16.0
Naish, 1981
Solow & Siersbaek 43 0.9 Approx. 9.5 years old 43 -1.0 Approx. 9.5 years old
Nielson, 1986 43 1.1 Approx. 12 years old 43 -0.3 Approx. 12 years old
Cooke & Wei, m 120 3.4 6.90 Chinese m 120 -0.3 4.50 Chinese
1988 m 40 -2.3 5.20 Caucasian m 40 -2.6 5.50 Caucasian
Lundström & m 27 -5.1 5.30
Lundström, 1992 f 25 -4.8 4.70
Lundström &  m 39 -1.6 5.20 NHP
Lundström, 1995 f 40 -2.0 4.00 NHP
m 39 1.0 3.60 CHP
f 40 2.1 3.00 CHP
Leitao & Nanda, m 284 0.7 5.02 -30.7to13.7 m 284 -0.5 4.38 -15.1to10.1
2000
Sonnesen & 88 0.8 5.75
Bakke, 2005
Tecco et al., 2005 f 23 -8.8 11.11 -28.0to9.0 Prior to RME Tx.
f 23 -3.8 9.65 -18.0to10.0 After RME Tx.
Barbera, 2005 40 -1.8 5.41 -13.5to10.0 Rest position (R) 40 -2.5 5.27 -13.5to9.0 R 40 -1.0 5.41 -11.5to9.0 R 40 -1.7 4.96 -13.0to9.0 R
(Aboriginal 40 -0.9 5.40 -11.5to10.0  In occlusion (O) 40 -1.6 4.85 -12.0to8.0 O 40 -0.2 5.22 -8.5to10.0 O 40 -0.5 4.83 -11.0to9.0 O
Australians)
Madsen, 2007 57 -5.4 5.36 -23.1to6.0 57 -4.8 4.63 -17.1to5.9 57 -3.1 4.67 -17.2to6.1 57 -1.0 5.04 -13.4to9.8
Barbera, Sampson, 40 -2.9 3.49 -11.3to5.4 Aboriginal 9-12yrs 40 -3.5 3.15 -10.0to5.4 Aboriginal 9-12yrs 40 0.4 2.91 -5.1to7.7 Aboriginal 9-12yrs 40 -1.1 3.63 -7.6to7.9 Aboriginal 9-12yrs
Townsend, and 40 -2.7 4.03 -13.6to6.4 Aboriginal 13-16yrs 40 -3.2 3.71 -10.1to4.8 Aboriginal 13-16yrs 40 0.0 3.46 -6.6to7.3 Aboriginal 13-16yrs 40 0.1 4.25 -6.9to8.3 Aboriginal 13-16yrs
Dreyer, current 40 -3.6 4.08 -12.6to4.5 Aboriginal >17yrs 40 -3.6 3.23 -10.0to3.4 Aboriginal >17yrs 40 -1.1 2.95 -6.2to5.2 Aboriginal >17yrs 40 -0.7 3.44 -7.5to5.5 Aboriginal >17yrs
study 40 -0.5 4.49 -8.1to12.6 Fricker 40 -1.3 4.19 -17.1to7.4 Fricker 40 0.9 4.33 -13.1to11.1 Fricker 40 2.1 3.79 -5.5to9.7 Fricker
40 -4.0 4.49 -11.1to8.2 Goonewardene 40 -4.6 4.18 -11.3to7.9 Goonewardene 40 -2.8 4.54 -10.6to10.2 Goonewardene 40 -1.3 4.88 -10.0to11.7 Goonewardene
3 -2.5 6.6 -6.9to5.1 long face 3 -5.1 7.8 -10.8to3.8 long face 3 -1.5 8.0 -6.9to7.7 long face 3 0.3 5.9 -5.0to6.6 long face








III.5 Long face and short face subject examples 
 
The descriptive statistics of the four individuals are shown in Table 29 and a 
summary is in Table 28. Images of the individuals are shown in Figures 67 to 73.    
 
              Table 29. 
Long face and short face sample descriptive statistics.
sample no., subject no. sample 1 T2, 33 sample 2, 12 sample 2, 16 sample 3, 12
age and gender 11.2 years, female 16 years, male 12 years, male 14 years, male
long face/short face long short long long
SGo 66.3 88.0 73.8 69.8
NMe 120.8 125.2 133.5 122.3
SGo as a % of Nme  54.9 70.3 55.3 57.1
KW plane - Md plane  -35.0 -15.2 -37.2 -31.3
HOR - NHA -5.7 -3.2 5.1 -6.9
HOR - FH -8.3 -4.3 3.8 -10.8
HOR - KW plane -5.2 -3.5 7.7 -6.9
HOR - P plane -0.7 0.4 6.6 -5.0 
  
Long face, sample 1 T2, subject 33: 
 
 
Figure 67. Lateral cephalograph of long face subject 33 of sample 1 T2. A rectangular 
shape between and parallelism of the lower anterior cranial base, from planum sphenoidale 
moving anteriorly through the cribriform plate, and the hard palate is shown. Most long 
face plane effect is inferior to the hard palate.  
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Short face, sample 2, subject 12: 
 
 
Figure 68. Lateral photograph of short face subject 12 of sample 2. 
 
 
Figure 69. Lateral cephalograph of short face subject 12 of sample 2. There is a general 
rectangular shape between the lower anterior cranial base, moving anteriorly from planum 
sphenoidale through the cribriform plate, and the hard palate. The lower anterior cranial 
base outline is in a similar orientation to the NHA, but positioned slightly superior to it.  
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Long face, sample 2, subject 16: 
 
 
Figure 70. Lateral photograph of long face subject 16 of sample 2. 
 
 
Figure 71. Lateral cephalograph of long face subject 16 of sample 2. Again in this long 
face the rectangular shape between and parallel orientation of the lower anterior cranial 




Long face, sample 3, subject 12: 
 
 
Figure 72. Lateral photograph of long face subject 12 of sample 3. This is one of the 
subjects that superimposition of lateral photograph and cephalograph could not be done, 
because his hair was covering his intertragic notch. 
 
 
Figure 73. Lateral cephalograph of long face subject 12 of sample 3. In this long face, the 
rectangular shape of the orbit - nasal airway region between lower anterior cranial base and 
the hard palate is maintained which is consistent with parallelism of the four planes. It 
appears that most of the long face plane effect is inferior to the hard palate.  
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Chapter IV. Discussion 
 
IV.1 Method error 
 
The lateral cephalographs of the Aboriginal Australian sample were obtained 
predominantly in the late 1950s and early 1960s. The radiographic quality was good, and 
most lateral cephalographs have been preserved well, but some have deteriorated. There 
appeared to be slightly increased general error in the Aboriginal Australian samples 
compared with the contemporary samples. 
Significant systematic and random error of angular measurements in most samples 
consistently involved the PM plane. The superior landmark forming this plane is SE which 
is reasonably easy to locate. The inferior landmark, Ptm, was difficult to locate and 
probably the cause of this error. Angular measurements which included HOR showed a 
lower error % due to the ability to consistently locate HOR. 
A common landmark involved in error of linear measurements was Ba. The linear 
variable cv2
ap - Ba showed random and occasional systematic error. Both cv2
ap and Ba 
were problematic in identification, and the short distance between the points would 
exacerbate the error %. 
Error percentage was calculated by dividing the expected variance by the observed 
variance, multiplied by 100. Some error percent values were very large, even exceeding 
100%. It appeared that the observed variance of the larger error percent values was 
relatively small when compared to a relatively normal expected variance. Care is needed 
with interpretation of the error percentage data.    
In all, error was demonstrated with measurements involving points that are 
notoriously difficult to identify, but overall, error was quite low. Approximately 5% of 
error can be accounted for on the basis of chance due to human or random statistical error. 
 
VI.2 Descriptive statistics 
 
The four planes, NHA, FH, KW plane, and P plane were observed to show near 
parallelism averaging approximately 0 to -3 degrees from HOR. This was not quite the 
case in some individuals, possibly due to different head position or landmark location  
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problems. There was generally a large range and standard deviation of variables between 
individuals. This is the basis for using multiple planes to correct head position. 
ANOVA consistently suggested that the means of NHA, FH, KW plane, and          
P plane’s angles from HOR were not the same within samples and between samples. This 
is a phenomenon of statistics traditionally used for linear measurements being used on 
angular measurements. A similar phenomenon is seen if coefficients of variation are 
calculated for angular measurements. Some coefficient of variation values were very large, 
and some were negative. In consideration to the 4 planes, their angle was always a very 
small one of approximately 0 to -3 degrees from HOR. A difference between 0 degrees and 
-3 degrees is minimal, and is the same magnitude as the difference between 350 degrees 
and 353 degrees. The difference is still only 3 degrees. This angular statistical phenomenon 
is deceptive, and its effect is exacerbated by certain statistics that give size to increasing 
linear measurements. Human and statistical interpretation of results can lead to 
misinterpretation. For example, linear interpretation of the difference between -1mm and   
-3mm, calculates -3 as being 3 times smaller or less than -1. The percentage difference is 
large. Angular interpretation of the difference between -1 and -3 degrees is that there is a 2 
degrees difference between the values which is a very small difference when considering 
the total 360 degrees. Taking a larger figure, there is minimal linear percentage difference 
between 351 and 353mm, unlike that between -1 and -3mm. The angular size difference 
between 351 and 353 degrees is exactly the same as between -1 and -3 degrees. Care is 
needed with interpretation of the results of ANOVA’s in this study. 
Scale setting for linear measurements was the most accurate when lateral 
cephalographs had rulers of considerable length present. Many in sample 2, three of 
sample 1, and none of sample 3 had rulers present in images. Given the relatively small 
distance of setting the radiograph scales, especially in samples 1 and 3, the conversions to 
real life linear measurements may not be absolutely accurate. The relative proportions or 
ratios formed within the same image would be acceptable though. Angles would also not 
be affected by linear scaling problems.  
Bromage’s (1992) results on chimpanzees and early hominid specimens reinforced 
Enlow’s “…characterisation of mammalian architecture,” which hypothesised that       
NHA - PM plane = 90 degrees in mammals (Enlow and Azuma, 1975). In this thesis’ 
samples, NHA - PM plane tended to equal approximately 90 degrees in the T1, T2, and T3 
Aboriginal Australian sample, but was approximately 85 degrees in the contemporary 
samples.   
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IV.3 General discussion 
 
An attempt was made by Professor Brown and Dr. Barrett to position the subjects 
in NHP, but communication problems may have made this difficult for some subjects. 
Brown (1965, pp. 36 & 37) stated that “Because of language problems it was difficult to 
convey to the aboriginal subjects the idea of a rest position, but it was found that they 
assumed a natural postural position of the mandible quite readily if no verbal instructions 
were given. For this reason the rest position films were exposed first, and if possible 
without the subject being aware that a film was being taken.” Even though this statement 
is discussing mandibular position, it would appear that communication for head positioning 
may have also been difficult. The results of this study need to be seen in the light that 
communication problems may have impeded the accuracy of NHP. Then again, it may be 
argued that natural head position was good due to lack of communication and, therefore, 
more natural. 
P plane’s construction landmarks were ANS and PNS. ANS is a variable point 
between individuals. It may be considered preferable to form P plane from the best fit of 
the middle to posterior part of the hard palate.  
 
IV.3.1 Correcting head position 
   
The findings of this research, including examples from many studies, show that 
natural head position is not reproducible enough at the individual level to be used for true 
natural head positioning. Likewise, use of only one hard tissue plane in isolation such as 
FH is unreliable for correcting head position. In a lateral radiographic image of the head, 
the method to correct the head position is as follows (Figure 74): Draw a horizontal line on 
the image, representing the horizontal edge of the radiograph (radHOR), in a location 
convenient for measurement of the four planes. Measure radHOR - NHA, radHOR - FH, 
radHOR - KW plane, and radHOR - P plane. Calculate the sum of the angles and divide it 
by four. Calculate the degrees required to rotate the image which corrects the head position 
so that the average of the four angles becomes -1.5 degrees from HOR (Figure 75). An 
alternative and less mathematical suggested approach is to visualise NHA, FH, KW plane, 
and P plane, and correct the head position so that the best of fit of all planes have a slight 
negative inclination from HOR.  




Figure 74. Lateral cephalograph of long face subject 12 of sample 3. ‘ImageJ’ was used to 
measure radHOR - NHA = -6.2°, radHOR - FH = -8.1°, radHOR - P plane = -5.3°, and 
radHOR - KW plane = -6.9°. Their average deviation from radHOR = (-6.2 - 8.1 - 5.3        
- 6.9) / 4 = -6.6°. To correct the head position the radiograph needs to be rotated 5.1° 




Figure 75. Lateral cephalograph of long face subject 12 of sample 3 following 
mathematical head position correction so that the four planes’ combined average 
inclination from HOR is -1.5 degrees. An alternative approach is to visualise the NHA, FH,            
KW plane, and P plane, and correct the head position so that the best of fit of all four 
planes has a slight negative inclination from HOR. This is preferable and more meaningful 
than using one reference plane only, such as FH, to correct head position. Any 
cephalometric analysis is made from HOR.   
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  Sassouni (1955, p. 736) defined the anterior cranial base as “Structurally, the floor 
of the anterior cerebral fossa. In the lateral x-ray there are two contours: the upper is the 
roofing of the orbit, including the lesser wing of the sphenoid, and the lower is posteriorly 
the spheno-ethmoid area and anteriorly the cribriform plate.’  The lower anterior cranial 
base (ACB
L), moving anteriorly from planum sphenoidale through the cribriform plate 
appeared to be parallel in orientation with the hard palate in most subjects of all samples. 
Enlow and McNamara (1974) discussed the evolution of human skull anatomy and placed 
metal markers on the anterior and posterior ends of the cribriform plates showing the 
olfactory bulbs’ horizontal position. ACB
L is a few millimetres superior to the NHA and 
appears to be parallel to it. The outline of ACB
L is reasonably easy to visualise and could 
be seen as a fifth hard tissue plane of use for correcting head position. A rectangular shape 
of the orbit - nasal airway region was observed between ACB
L and P plane. A good 
alternative method of correcting head position may be to orientate the orbit - nasal airway 
region slightly down from HOR, by visualising ACB
L and P plane (Figure 76). This should 
be done with consideration of orientation of the NHA, FH, and KW plane. Further research 
into the measurement of HOR - ACB
L is required. 
 
 
Figure 76. Corrected head position of long face subject 12 of sample 3 by orbit - nasal 
airway orientation. The radiograph has been rotated upwards so that that ACB
L and P plane 
have a slight downward tilt from HOR. This head position correction was made with 
consideration of the inclinations of NHA, FH, and KW plane. Note that ACB
L and P plane 
are similarly curved upwards moving anteriorly through the cribriform plate and towards 
the ANS respectively. Any cephalometric analysis can be made from HOR.  
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Following head position correction, measure only one plane’s angle from HOR, 
where landmarks are easy to identify, for future head position correction within that 
individual. For example, HOR - SN or HOR - StN may be suggested as reliable angles to 
measure due to ease of landmark location. Of course the plane of choice should be one 
that’s inclination is minimally affected by treatment or growth. HOR - P plane,             
HOR - KW plane, HOR - FH, and HOR - NHA may be affected in maxillary surgical 
cases. 
In the long face and short face sample, the four plane near parallelism seems to be 
maintained in extreme face types. Long face effect on the facial planes appeared to occur 
below the hard palate which is consistent with Sassouni and Nanda (1964), Richardson 
(1969), Nahoum (1971), and Frost et al. (1980). Of course, the weakness of this long/short 
face sample was the small sample size. In saying that, most normal faced individuals of all 
the studied samples demonstrated near parallelism between ACB
L and P plane.  
It was also interesting to see that in some cases, the lower border of the gonial 
notch appears parallel with the other parallel planes of interest. This only appeared to be 
the case in individuals with normal to shorter face types and prominent gonial notching. 
The short anteroposterior distance of the lower border of the gonial notch is a limitation, 
potentially creating large inclination variation. Being inferior to the palatal plane, the 
gonial notch plane angulation may be affected more by extreme face types. The lower 
border of the gonial notch of the long faced subjects in this study shows downwards 
inclination from the near parallel four planes (Figures 67, 71, and 73). 
The EN plane is generally horizontal but, of course, with variation. EN plane 
demonstrated variation from HOR and also from the underlying bony KW plane, which 
was of similar magnitude to variation of most craniofacial planes. The posterior landmark 
of EN plane, Intertragic notch, demonstrated greater variation than the anterior landmark, 
Nostril tangent, relative to the KW plane. The EN plane could be one of the factors used to 
correct ones head position when looking at their face.  
  Correcting head position in photographs is important for accurate skeletal 
diagnosis. CHP is also useful to make ‘before and after’ comparisons and to compare non-
postured and postured views. Head position in lateral photographs can be corrected by 
superimposition over a corrected hard tissue image. If only a photograph is available, a 
combination of visual elements is required to correct head position. Suggested visual 





~ knowledge of a particular specie’s relaxed head-neck-torso shape; 
~ vertical facial surface contour in homo sapiens (the contour angulation may be different 
in other species; for example, horses); 
~ orbit - eye position (where the eyes are most comfortably looking); and 
~ EN plane. 
The prioritisation is a gradient from the ‘big picture’ to the ‘small picture.’ It becomes 
obvious that we can still determine head position without the ear or eyeball visible, which 
is apparent in images with hair covering the ears. The EN plane is not of great importance 
in soft tissue head position determination, but it still is a helpful guide. 
Because EN plane it is not always horizontal, some freedom should be allowed for 
the observer to use their judgement. Bass (1991; 2003) discussed this freedom of 
judgement to correct head position to a position he called ‘The Aesthetic Position.’ With 
regard to the eyes, if the subject is looking straight ahead and the observer feels that they 
are looking up or down, it shows that the head is not in a natural position and requires 
correction. Most humans have a vertical facial surface contour, but of course there is 
variation with any of Angle’s classes creating anterior of posterior divergence. Halazonetis 
(2002) found that orthodontists tended to rotate the head down in subjects with prognathic 
chins, and up in subjects with recessive chins; Class II and Class III patients also naturally 
tend to do this. When we are young we learn to identify different species’ head-neck-torso 
shapes. This knowledge assists in correcting head position. Overall, all of these factors 
need to be taken into account to correct head position, and the EN plane is a useful 
corrector.  
The finding of a horizontal EN plane on average can be tested by looking at photos 
of people in NHP in other studies/texts (such as in Bass, 1991; Bass, 2003; Fernández-
Riveiro, 2003; Lundström et al., 1995; Moate et al., 2007). It is interesting that they tend to 
show a horizontal EN plane. If the EN plane is sloping up or down, it may be that the 
person’s head position may correlate to the EN plane and is also up or down; ie. their 
natural head position may require correction. 
  The findings relating to the four planes, lower anterior cranial base, and EN plane 
can be extrapolated to any panoramic view of the head where the relevant landmarks can 
be seen. This is a simple geometric phenomenon. For example, look at photographs where 
a person is looking straight at the camera (such as images in Karavaka et al., 2008). Form a 
line between the right and left intertragic notches (In line). If the level of the superior 
aspect of the nostrils is above the In line, the head is most likely to be up, and visa versa.        
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When diagnosing an individual at a single point in time, lateral cephalometric 
measurements should be made with reference to HOR with the patient in CHP. When 
investigating growth of an individual over a period of time, it is best to use anatomical 
superimposition methods such as those by Broadbent, 1937, De Coster, 1951; Björk, 1963; 
Bjork, 1966; Coben, 1966; Björk and Skieller, 1972; Melson, 1974; and Fränkel, 1980. 
Comparisons between individuals are more difficult because of their different 
anatomical types but CHP used for diagnosis at a single time-point does help.  When 
superimposing lateral cephalographs, it is difficult to choose points or an appropriate 
region due to differing anatomical types. There will never be a perfect anatomical area to 
compare two different individuals (besides, perhaps, monozygotic twins at the same 
skeletal age). Even for the same individual at different skeletal ages, it is difficult to find a 
truly stable anatomical area for comparison due to growth changes. 
 
IV.3.2 Strengths of this study 
 
In orthodontics, oral surgery, and plastic surgery, where any head measurement 
analysis is based on a horizontal or vertical reference system, this study’s head position re-
orientation method is ideal. The four craniofacial planes, NHA, FH, KW plane, and P 
plane, help re-orientate head position. The lower anterior cranial base may be a useful fifth 
plane which appeared to share orientation with P plane; respectively, they form the 
superior and inferior boundaries of a rectangular-shaped orbit - nasal airway region. The 
orbit - nasal airway region was clearly visible radiographically and appeared to be most 
practical for determination and re-orientation of head position. The method can be applied 
to any panoramic view of the head where relevant landmarks can be seen. The rectangular 
orbit - nasal airway shape is easier to visualize than FH and more reliable than using a 
single plane in isolation. Therefore, following head position correction using the 
rectangular orbit - nasal airway shape, it is suggested to use HOR as the reference plane for 
cephalometric analysis.  
  The EN plane could help photographic orientation but, like with FH, it is best to not 
use it in isolation. Other visual factors to consider are: human’s head-neck-torso shape, 
vertical nature of human facial profile outline, and orbit position.    
The findings were strengthened by a systematic review of the literature which 





IV.3.3 Limitations of this study 
 
  The four planes and EN plane were measured from HOR with subjects in NHP. 
The questionable nature of NHP reproducibility in effect weakens the findings related to 
the selected planes. The head position correction is based on averages and would not apply 
to all individuals due to their variation.     
  
IV.3.4 Future directions 
 
The near parallelism of the four planes and lower anterior cranial base does appear 
to be maintained in extreme face types, but sample numbers were limited and future 
research is required. Future research may involve measurement of lower anterior cranial 

























Chapter V. Conclusions 
 
 
1.   Natural head position is not consistently reproducible in individuals in this study 
and other head position reproducibility studies due to large deviation and ranges of head 
position variability; therefore, it should not be used to position heads without thought of 
head position correction. 
 
2.   Use of only one plane to correct head position is an inaccurate prediction of true 
natural head position due to large variation of plane construction landmark position 
between individuals.  
 
3.   The more means of planes from the True horizontal that are used in a ‘best of fit’ 
manner, the more accurate the head position correction is. A practical balance between use 
of too few or too many planes is to use the Neutral horizontal axis (NHA), Frankfurt 
horizontal (FH), Krogman-Walker plane (KW plane), and Palatal plane (P plane). They 
demonstrated near parallelism and are angulated between 0 and -3 degrees from the True 
horizontal plane (HOR) on average. Their summed deviation from the horizontal edge of 
the radiograph divided by four, gives an angle that indicates amount of head rotation 
required to correct the head position. The image should be rotated until the correct head 
position plane is -1.5 degrees from HOR. Alternatively, visual correction can be done by 
rotating the image so that the NHA, FH, KW plane, and P plane have a slight negative 
inclination from HOR. This correction should be done instead of the traditionally used FH. 
A fifth plane, which is clear to visualise and observed to be parallel with the above 
four planes was the lower anterior cranial base. In the studied lateral cephalographs it 
appeared to be the superior plane of a rectangular shape in the nasal airway region; the 
inferior plane being the P plane. Use of the rectangular nasal airway shape appears to be a 
good alternative method to the above suggested approach, with evolutionary and functional 
association.   
This method of correction may be applicable in individuals of short/long face types, 
because most short/long face craniofacial plane dysplasia occurs inferior to the P plane. 
More research with larger sample numbers is needed to examine these planes’ orientation 




4.   The Ear - nose plane (EN plane) was on average horizontal, but demonstrated large 
variation in individuals. Like with FH, it should not be used in isolation for correcting head 
position. 
 
5.  KW plane has a slight downwards inclination from EN plane on average. 
Considerable variation between individuals was observed, especially of the the posterior 
measurement, Intertragic notch - KW plane. Head position in lateral photographs is best to 
be corrected by superimposition over a corrected hard tissue image. If no hard tissue image 
is available, other soft tissue visual factors need to be considered.  
 
6.   The findings relating to the four planes, lower anterior cranial base, and EN plane 
can be extrapolated to any panoramic view of the head where the relevant landmarks can 
be seen. This is a simple geometric phenomenon and is applicable to certain views of cone 
























Chapter VI. Appendix 
 
VI.1 Computer methods 
 
‘Adobe Photoshop CS’ superimposition technique 
Standard editing of lateral cephalographs involved: 
  - Flip radiograph horizontal if required. Could correct head position now or later. 
  - Ctrl L, adjust radiograph so that soft tissue outline is clear; black-white image is 
               better for soft tissue superimposition. 
-  Flip photo horizontal if required. 
If photo has a white background, Ctrl L and set white point. 




Ctrl V - cancel photo (but do not save changes).  
Double click top of combined image - adjust zoom (30-33%). 
Select photo layer and adjust opacity (~ 38%). 
Ctrl T (free transform) - hold shift, click corner to resize. 
                                     - click outside free transform margins to rotate layer. 
Enter to fix changes. 
Line tool (set colour to black) to draw KW plane and EN plane. 
If desired, correct head position by rotating image. This can also be done at the start. Draw 
a line with measure tool, image, rotate canvas, arbitary (select degrees of rotation and 
direction). Use orbit - nasal airway region shape method or 4 planes method.  
Crop if wanted (not really necessary). 
Save as - photoshop form, and 
             - JPEG form. 
(If it is wanted to use the paint bucket tool, need to re-open JPEG in Photoshop; can’t do it 







‘ImageJ’ measurement steps 
Open the superimposition JPEG via Image J. 
Click straight line selection, and draw a line from the top to the bottom of the small part of 
nose rest, analyse, set scale to 13mm. 
Draw a perpendicular line from In to KW plane and manually record its distance (if       
KW plane is inferior to the landmark, the measurement was negative, and if KW plane was 
superior to the landmark, the measurement was positive). 
Use angle tool to measure the angle from EN plane to KW plane (planes previously drawn 
in Photoshop), manually record it. 
 
 





  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - PM plane       NHA - PM plane   
                   
Subj. no.  O 1st det.  O 2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  84.3  82.5  -1.8  3.1  90.9  89.0  -1.9  3.6 
2  90.3  87.8  -2.5  6.0  96.7  93.0  -3.7  13.7 
3  86.3  85.0  -1.4  1.8  91.0  89.2  -1.8  3.4 
4  86.6  85.7  -1.0  0.9  94.2  92.8  -1.4  1.9 
21  93.7  90.9  -2.8  7.9  94.9  92.9  -2.0  4.0 
22  95.0  89.7  -5.2  27.5  95.3  89.7  -5.6  31.0 
23  89.3  85.3  -3.9  15.4  89.1  83.2  -5.9  35.0 
24  86.6  83.5  -3.1  9.6  92.6  89.9  -2.7  7.5 
sum  712.0  690.4  -21.6  72.2  744.7  719.6  -25.0  100.1 
mean  89.0  86.3  -2.7  9.0  93.1  90.0  -3.1  12.5 
SE mean d       0.5         0.6   
range  84.3to95.0  82.5to90.9      89.1to96.7  83.2to93.0     
s  3.79  2.94      2.59  3.23     
C.V.  4.25  3.41        2.78  3.59       
Dahlberg's         2.12         2.50 
p value         0.00         0.00 
t value         5.42         5.02 















  Sample 1 T1 computer cephalometric analysis method error   
                 
     PM plane - PM vertical       HOR - SN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  0.9  1.4  0.5  0.2  2.7  2.3  -0.4  0.2 
2  -3.7  -1.0  2.7  7.2  5.2  5.4  0.1  0.0 
3  -0.6  0.0  0.6  0.3  3.7  3.2  -0.5  0.2 
4  -1.4  -0.2  1.1  1.2  -0.2  -0.5  -0.3  0.1 
21  -2.3  -1.5  0.8  0.7  6.9  6.2  -0.7  0.5 
22  -2.0  2.8  4.8  23.4  6.7  6.7  0.0  0.0 
23  -2.5  0.9  3.4  11.5  7.8  8.4  0.6  0.3 
24  -2.1  0.3  2.3  5.5  0.4  -1.6  -2.0  3.8 
sum  -13.6  2.6  16.2  50.0  33.3  30.1  -3.2  5.2 
mean  -1.7  0.3  2.0  6.2  4.2  3.8  -0.4  0.6 
SE mean d       0.6         0.3   
range  -3.7to0.9  -1.5to2.8      -0.2to7.8  -1.6to8.4     
s  1.39  1.37      3.03  3.54     
C.V.  -82.02  418.96        72.87  94.17       
Dahlberg's         1.77         0.57 
p value         0.01         0.17 
t value         3.65         1.52 




  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - StN         HOR - NHA     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  5.6  5.7  0.1  0.0  -6.6  -6.5  0.1  0.0 
2  8.3  8.5  0.2  0.0  -6.4  -5.2  1.3  1.6 
3  6.3  5.8  -0.4  0.2  -4.7  -4.2  0.5  0.2 
4  3.0  2.4  -0.5  0.3  -7.6  -7.1  0.4  0.2 
21  10.0  9.5  -0.6  0.3  -1.2  -2.0  -0.8  0.7 
22  10.7  10.2  -0.5  0.2  -0.3  0.0  0.3  0.1 
23  10.8  11.2  0.4  0.1  0.1  2.1  2.0  4.0 
24  2.4  0.9  -1.6  2.5  -6.0  -6.4  -0.4  0.1 
Sum  57.1  54.1  -2.9  3.6  -32.7  -29.2  3.4  6.9 
Mean  7.1  6.8  -0.4  0.5  -4.1  -3.7  0.4  0.9 
SE mean d       0.2         0.3   
Range  2.4to10.8  0.9to11.2      -7.6to0.1  -7.1to2.1     
S  3.34  3.72      3.13  3.37     
C.V.  46.83  55.01        -76.66  -92.39       
Dahlberg's         0.47         0.66 
p value         0.13         0.21 
t value         1.72         1.38 









  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - FH         HOR - KW plane   
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -6.0  -6.3  -0.3  0.1  -3.9  -3.9  0.0  0.0 
2  -5.0  -4.2  0.8  0.6  4.2  4.6  0.4  0.1 
3  -4.1  -3.2  0.9  0.7  -0.6  -0.4  0.2  0.0 
4  -5.4  -5.1  0.3  0.1  -2.4  -2.6  -0.3  0.1 
21  1.1  -0.9  -2.1  4.3  -1.0  -1.0  0.0  0.0 
22  -4.7  -5.7  -0.9  0.8  -0.3  0.9  1.2  1.3 
23  -3.5  -1.8  1.7  2.8  1.3  1.3  0.0  0.0 
24  -9.0  -9.5  -0.6  0.3  -3.3  -3.3  0.0  0.0 
Sum  -36.5  -36.7  -0.2  9.8  -5.9  -4.5  1.4  1.6 
Mean  -4.6  -4.6  0.0  1.2  -0.7  -0.6  0.2  0.2 
SE mean d       0.4         0.2   
Range  -9.0to1.1  -9.5to-0.9      -3.9to4.2  -3.9to4.6     
S  2.84  2.72      2.63  2.81     
C.V.  -62.14  -59.33        -357.06  -496.82       
Dahlberg's         0.78         0.31 
p value         0.95         0.31 
t value         0.06         1.10 




  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - P plane       HOR - FOP     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -6.2  -7.6  -1.5  2.2  -19.9  -20.8  -0.9  0.8 
2  -0.3  -1.5  -1.3  1.6  -9.9  -10.3  -0.5  0.2 
3  -2.0  -4.6  -2.5  6.4  -14.4  -14.2  0.2  0.0 
4  -0.5  -2.1  -1.7  2.7  -13.6  -13.3  0.3  0.1 
21  1.4  0.9  -0.6  0.3  -9.1  -8.8  0.3  0.1 
22  1.6  1.9  0.3  0.1  -14.5  -13.3  1.2  1.4 
23  -3.8  -3.1  0.7  0.5  -16.4  -16.6  -0.2  0.0 
24  -5.8  -3.1  2.7  7.4  -14.3  -13.5  0.8  0.6 
sum  -15.4  -19.2  -3.8  21.1  -112.0  -110.8  1.3  3.4 
mean  -1.9  -2.4  -0.5  2.6  -14.0  -13.8  0.2  0.4 
SE mean d       0.6         0.2   
range  -6.2to1.6  -7.6to1.9      -19.9to-9.1  -20.8to-8.8     
s  3.06  3.00      3.43  3.68     
C.V.  -158.37  -124.68        -24.53  -26.60       
Dahlberg's         1.15         0.46 
p value         0.45         0.53 
t value         0.81         0.66 









  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - Md plane       HOR - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -38.0  -37.6  0.4  0.1  -1.5  -1.4  0.1  0.0 
2  -26.12  -26.3  -0.2  0.0  22.1  23.0  0.9  0.8 
3  -36.9  -35.4  1.5  2.3  10.7  10.6  -0.1  0.0 
4  -25.3  -25.4  -0.1  0.0  12.8  12.8  0.0  0.0 
21  -25.8  -25.8  0.0  0.0  18.4  20.7  2.3  5.3 
22  -34.6  -33.4  1.2  1.5  10.8  11.0  0.3  0.1 
23  -31.9  -30.9  0.9  0.9  22.9  23.1  0.3  0.1 
24  -31.9  -32.0  -0.1  0.0  8.9  9.0  0.0  0.0 
sum  -250.5  -246.9  3.7  4.9  105.0  108.8  3.8  6.3 
mean  -31.3  -30.9  0.5  0.6  13.1  13.6  0.5  0.8 
SE mean d       0.2         0.3   
range  -38.0to-25.3  -37.6to-25.4      -1.5to22.9  -1.4to23.1     
s  5.08  4.62      8.00  8.41     
C.V.  -16.23  -14.99        60.94  61.83       
Dahlberg's         0.56         0.63 
p value         0.10         0.14 
t value         1.89         1.65 




  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - FML         FML - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  5.1  8.3  3.2  10.0  -6.6  -9.7  -3.1  9.3 
2  14.6  16.6  2.0  4.0  7.5  6.4  -1.1  1.2 
3  7.1  8.1  1.1  1.1  3.6  2.4  -1.2  1.4 
4  11.9  9.3  -2.6  6.7  0.9  3.5  2.6  6.7 
21  8.3  9.0  0.7  0.5  10.1  11.7  1.6  2.6 
22  4.6  4.6  -0.1  0.0  6.2  6.5  0.3  0.1 
23  17.5  17.8  0.3  0.1  5.3  5.3  0.0  0.0 
24  6.3  7.5  1.2  1.4  2.6  1.4  -1.2  1.3 
sum  75.5  81.3  5.8  23.7  29.5  27.5  -2.0  22.6 
mean  9.4  10.2  0.7  3.0  3.7  3.4  -0.3  2.8 
SE mean d       0.6         0.6   
range  4.6to17.5  4.6to17.8      -6.6to10.1  -9.7to11.7     
s  4.75  4.62      5.06  6.17     
C.V.  50.28  45.44        137.34  179.63       
Dahlberg's         1.22         1.19 
p value         0.26         0.70 
t value         1.22         0.40 









  Sample 1 T1 computer cephalometric analysis method error   
                 
     HOR - OPT         HOR - CVT     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  81.1  81.7  0.6  0.4  81.7  81.6  -0.1  0.0 
2  102.6  105.1  2.5  6.3  103.2  104.5  1.3  1.6 
3  84.1  85.0  0.9  0.7  84.0  83.5  -0.6  0.3 
4  92.0  92.0  0.0  0.0  91.9  92.4  0.5  0.3 
21  89.4  89.5  0.1  0.0  90.3  90.6  0.3  0.1 
22  80.8  83.4  2.6  6.9  82.6  83.4  0.9  0.7 
23  87.0  87.4  0.4  0.2  87.5  87.2  -0.3  0.1 
24  89.4  87.2  -2.2  4.8  89.3  87.9  -1.4  1.8 
sum  706.3  711.3  5.0  19.3  710.4  711.0  0.6  5.0 
mean  88.3  88.9  0.6  2.4  88.8  88.9  0.1  0.6 
SE mean d       0.5         0.3   
range  80.8to102.6  81.7to105.1      81.7to103.2  81.to104.5     
s  7.04  7.31      6.91  7.32     
C.V.  7.98  8.22        7.78  8.24       
Dahlberg's         1.10         0.56 
p value         0.29         0.80 
t value         1.15         0.26 




  Sample 1 T1 computer cephalometric analysis method error   
                 
     OPT - StN         CVT - StN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  104.5  104.0  -0.6  0.3  104.0  104.1  0.1  0.0 
2  85.7  83.4  -2.3  5.4  85.1  84.0  -1.1  1.3 
3  102.2  100.9  -1.3  1.6  102.2  102.4  0.2  0.0 
4  91.0  90.4  -0.5  0.3  91.1  90.0  -1.1  1.1 
21  100.7  100.0  -0.7  0.5  99.7  98.9  -0.9  0.7 
22  109.9  106.8  -3.1  9.5  108.1  106.8  -1.3  1.8 
23  103.8  103.8  -0.1  0.0  103.4  104.0  0.7  0.4 
24  93.0  93.6  0.6  0.4  93.2  93.0  -0.2  0.0 
sum  790.8  782.8  -7.9  18.0  786.7  783.1  -3.6  5.5 
mean  98.8  97.9  -1.0  2.2  98.3  97.9  -0.5  0.7 
SE mean d       0.4         0.3   
range  85.7to109.9  83.4to106.8      85.1to108.1  84.0to106.8     
s  8.12  8.00      7.78  8.07     
C.V.  8.22  8.18        7.91  8.25       
Dahlberg's         1.06         0.58 
p value         0.05         0.12 
t value         2.32         1.75 









  Sample 1 T1 computer cephalometric analysis method error   
                 
     KW plane - Md plane       cv2ap - Ba     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -34.1  -33.7  0.4  0.2  6.6  8.1  1.5  2.4 
2  -30.4  -30.9  -0.6  0.3  4.3  5.6  1.3  1.6 
3  -36.3  -35.0  1.4  1.8  5.3  5.5  0.2  0.0 
4  -22.9  -22.8  0.1  0.0  7.5  6.4  -1.2  1.4 
21  -24.9  -24.8  0.0  0.0  2.6  3.6  1.0  1.1 
22  -34.4  -34.3  0.1  0.0  4.3  5.3  0.9  0.9 
23  -33.2  -32.2  1.0  0.9  4.1  5.3  1.1  1.3 
24  -28.6  -28.7  -0.2  0.0  4.5  5.2  0.8  0.6 
sum  -244.6  -242.4  2.2  3.3  39.2  44.9  5.7  9.3 
mean  -30.6  -30.3  0.3  0.4  4.9  5.6  0.7  1.2 
SE mean d       0.2         0.3   
range  -36.3to-22.9  -35.0to-22.8      2.6to7.5  3.6to8.1     
s  4.81  4.51      1.55  1.27     
C.V.  -15.72  -14.87        31.73  22.56       
Dahlberg's         0.45         0.76 
p value         0.24         0.05 
t value         1.27         2.33 




  Sample 1 T1 computer cephalometric analysis method error   
                 
     KW plane - Ba       Ba - Op     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  7.2  8.9  1.7  2.9  44.9  42.3  -2.6  6.6 
2  6.2  6.9  0.6  0.4  34.6  33.0  -1.6  2.5 
3  4.9  5.7  0.8  0.6  37.0  38.4  1.4  1.9 
4  10.3  8.4  -1.9  3.5  41.6  40.5  -1.1  1.3 
21  6.7  6.6  -0.1  0.0  40.2  38.1  -2.1  4.4 
22  3.2  2.5  -0.8  0.6  39.9  38.2  -1.7  3.0 
23  10.0  9.7  -0.3  0.1  33.7  34.0  0.4  0.1 
24  5.4  5.8  0.4  0.1  32.4  31.0  -1.5  2.1 
sum  53.9  54.5  0.6  8.2  304.3  295.5  -8.8  21.9 
mean  6.7  6.8  0.1  1.0  38.0  36.9  -1.1  2.7 
SE mean d       0.4         0.5   
range  3.2to10.3  2.5to9.7      32.4to44.9  31.0to42.3     
s  2.42  2.29      4.32  3.88     
C.V.  35.83  33.59        11.35  10.50       
Dahlberg's         0.72         1.17 
p value         0.86         0.05 
t value         0.18         2.37 









Sample 1 T1 computer cephalometric analysis method error 
           
     At - Pt       
            
Subj. no.  1st det.  2nd det.  d  d*d   
1  44.3  49.9  5.6  31.4   
2  36.6  37.0  0.4  0.2   
3  39.5  42.3  2.8  7.7   
4  43.2  43.2  0.0  0.0   
21  45.9  44.9  -1.1  1.2   
22  41.5  42.4  0.9  0.9   
23  39.6  38.5  -1.0  1.1   
24  38.4  38.6  0.2  0.1   
sum  328.9  336.7  7.8  42.5   
mean  41.1  42.1  1.0  5.3   
SE mean d       0.8     
range  36.6to46.0  37.0to50.0       
s  3.18  4.15       
C.V.  7.74  9.86         
Dahlberg's         1.63   
p value         0.25   
t value         1.24   




  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - PM plane       NHA - PM plane   
                   
Subj. no.  O 1st det.  O 2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  92.3  91.1  -1.2  1.4  92.6  91.2  -1.4  2.0 
2  80.4  77.5  -2.9  8.4  90.3  87.5  -2.8  7.8 
3  86.5  84.3  -2.2  4.8  91.5  89.5  -2.0  4.0 
4  95.0  90.3  -4.7  22.1  96.4  91.3  -5.1  26.0 
21  95.1  91.6  -3.5  12.3  94.1  90.5  -3.6  13.0 
22  90.2  86.5  -3.7  13.7  91.5  90.1  -1.4  2.0 
23  87.1  84.7  -2.4  5.8  91.2  87.9  -3.3  10.9 
24  90.2  87.8  -2.4  5.8  92.7  89.4  -3.3  10.9 
sum  716.8  693.8  -23.0  74.2  740.3  717.4  -22.9  76.5 
mean  89.6  86.7  -2.9  9.3  92.5  89.7  -2.9  9.6 
SE mean d       0.4         0.4   
range  80.4to95.1  77.5to91.6      90.3to96.4  87.5to91.3     
s  4.90  4.66      1.94  1.40     
C.V.  5.47  5.37        2.10  1.57       
Dahlberg's         2.15         2.19 
p value         0.00         0.00 
t value         7.55         6.47 









  Sample 1 T2 computer cephalometric analysis method error   
                 
     PM plane - PM vertical       HOR - SN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  2.8  -0.5  -3.3  10.9  6.5  9.8  3.3  10.9 
2  -1.8  -1.6  0.2  0.0  -0.9  -0.1  0.8  0.6 
3  -1.2  -1.2  0.0  0.0  4.6  4.1  -0.5  0.3 
4  0.1  1.2  1.1  1.2  5.7  5.3  -0.4  0.2 
21  -1.4  0.3  1.7  2.9  7.1  8.2  1.1  1.2 
22  -0.2  3.2  3.4  11.6  5.6  4.8  -0.8  0.6 
23  -1.3  0.0  1.3  1.7  4.5  5.6  1.1  1.2 
24  -1.7  -0.4  1.3  1.7  4.1  3.4  -0.7  0.5 
sum  -4.7  1.0  5.7  30.0  37.2  41.1  3.9  15.5 
mean  -0.6  0.1  0.7  3.7  4.7  5.1  0.5  1.9 
SE mean d       0.7         0.5   
range  -1.8to2.8  -1.6to3.2      -0.9to7.1  -0.1to9.8     
s  1.53  1.51      2.47  3.00     
C.V.  -260.13  1211.56        53.03  58.39       
Dahlberg's         1.37         0.98 
p value         0.33         0.36 
t value         1.05         0.99 




  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - StN         HOR - NHA     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  10.1  13.6  3.5  12.3  -0.3  -0.1  0.2  0.0 
2  1.9  2.6  0.7  0.5  -9.9  -10.0  -0.1  0.0 
3  7.1  6.7  -0.4  0.2  -5.0  -5.2  -0.2  0.0 
4  8.8  8.3  -0.5  0.3  -1.4  -1.0  0.4  0.2 
21  10.0  11.1  1.1  1.2  1.0  1.1  0.1  0.0 
22  8.8  8.0  -0.8  0.6  -1.4  -3.6  -2.2  4.8 
23  7.2  8.1  0.9  0.8  -4.2  -3.2  1.0  1.0 
24  7.0  6.9  -0.1  0.0  -2.5  -1.6  0.9  0.8 
sum  60.9  65.3  4.4  15.8  -23.7  -23.6  0.1  6.9 
mean  7.6  8.2  0.6  2.0  -3.0  -3.0  0.0  0.9 
SE mean d       0.5         0.4   
range  1.9to10.1  2.6to13.6      -9.9to1  -10to1.1     
s  2.62  3.23      3.42  3.49     
C.V.  34.45  39.54        -115.32  -118.40       
Dahlberg's         0.99         0.66 
p value         0.30         0.97 
t value         1.12         0.04 









  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - FH         HOR - KW plane   
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -0.6  0.8  1.4  2.0  2.6  2.5  -0.1  0.0 
2  -7.9  -8.7  -0.8  0.6  -1.7  -1.5  0.2  0.0 
3  -3.2  -2.7  0.5  0.3  -1.0  -0.2  0.8  0.6 
4  0.5  1.0  0.5  0.3  2.7  1.5  -1.2  1.4 
21  1.9  2.3  0.4  0.2  1.4  1.1  -0.3  0.1 
22  -3.9  -7.7  -3.8  14.4  -4.5  -4.4  0.1  0.0 
23  -6.2  -5.1  1.1  1.2  -2.9  -2.7  0.2  0.0 
24  -5.0  -3.4  1.6  2.6  0.8  0.7  -0.1  0.0 
sum  -24.4  -23.5  0.9  21.5  -2.6  -3.0  -0.4  2.3 
mean  -3.1  -2.9  0.1  2.7  -0.3  -0.4  -0.1  0.3 
SE mean d       0.6         0.2   
range  -7.9to1.9  -8.7to2.3      -4.5to2.7  -4.4to2.5     
s  3.40  4.10      2.63  2.33     
C.V.  -111.60  -139.62        -808.70  -621.44       
Dahlberg's         1.16         0.38 
p value         0.86         0.81 
t value         0.18         0.25 




  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - P plane       HOR - FOP     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  1.4  -0.7  -2.1  4.4  -10.6  -10.4  0.2  0.0 
2  -6.0  -6.8  -0.8  0.6  -12.8  -13.7  -0.9  0.8 
3  -5.4  -4.8  0.6  0.4  -14.4  -13.7  0.7  0.5 
4  4.2  3.9  -0.3  0.1  -4.6  -3.4  1.2  1.4 
21  2.1  2.3  0.2  0.0  -5.5  -4.5  1.0  1.0 
22  -5.0  -4.4  0.6  0.4  -18.4  -14.2  4.2  17.6 
23  -4.5  -5.6  -1.1  1.2  -17.7  -17.0  0.7  0.5 
24  -0.7  0.5  1.2  1.4  -5.4  -4.3  1.1  1.2 
sum  -13.9  -15.6  -1.7  8.6  -89.4  -81.2  8.2  23.1 
mean  -1.7  -2.0  -0.2  1.1  -11.2  -10.2  1.0  2.9 
SE mean d       0.4         0.5   
range  -6to4.2  -6.8to3.9      -18.4to-4.6  -17to-3.4     
s  3.98  3.98      5.57  5.35     
C.V.  -228.94  -204.04        -49.82  -52.70       
Dahlberg's         0.73         1.20 
p value         0.60         0.09 
t value         0.56         2.00 









  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - Md plane       HOR - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -27.2  -28.4  -1.2  1.4  6.1  6.1  0.0  0.0 
2  -29.1  -29.1  0.0  0.0  18.4  17.9  -0.5  0.3 
3  -33.8  -35.1  -1.3  1.7  17.9  18.2  0.3  0.1 
4  -19.3  -18.8  0.5  0.3  10.7  10.6  -0.1  0.0 
21  -21.4  -21.2  0.2  0.0  15.6  16.4  0.8  0.6 
22  -36.7  -36.8  -0.1  0.0  8.3  6.8  -1.5  2.3 
23  -33.2  -32.4  0.8  0.6  14.3  16.7  2.4  5.8 
24  -25.6  -26.4  -0.8  0.6  12.9  12.6  -0.3  0.1 
sum  -226.3  -228.2  -1.9  4.7  104.2  105.3  1.1  9.1 
mean  -28.3  -28.5  -0.2  0.6  13.0  13.2  0.1  1.1 
SE mean d       0.3         0.4   
range  -36.7to-19.3  -36.8to-18.8      6.1to18.4  6.1to18.2     
s  6.12  6.32      4.42  4.90     
C.V.  -21.65  -22.16        33.92  37.23       
Dahlberg's         0.54         0.75 
p value         0.42         0.74 
t value         0.86         0.34 




  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - FML         FML - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  12.0  12.6  0.6  0.4  -5.9  -6.6  -0.7  0.5 
2  9.2  10.3  1.1  1.2  9.3  7.6  -1.7  2.9 
3  7.5  9.8  2.3  5.3  10.4  8.4  -2.0  4.0 
4  12.0  8.7  -3.3  10.9  -1.3  1.9  3.2  10.2 
21  10.4  7.7  -2.7  7.3  5.2  8.7  3.5  12.3 
22  2.7  1.2  -1.5  2.3  5.6  5.6  0.0  0.0 
23  10.4  11.7  1.3  1.7  3.9  5.0  1.1  1.2 
24  6.3  12.3  6.0  36.0  2.6  0.3  -2.3  5.3 
sum  70.5  74.3  3.8  65.0  29.8  30.9  1.1  36.4 
mean  8.8  9.3  0.5  8.1  3.7  3.9  0.1  4.5 
SE mean d       1.1         0.8   
range  2.7to12  1.2to12.6      -5.9to10.4  -6.6to8.7     
s  3.18  3.69      5.35  5.19     
C.V.  36.12  39.76        143.68  134.27       
Dahlberg's         2.02         1.51 
p value         0.67         0.87 
t value         0.45         0.17 









  Sample 1 T2 computer cephalometric analysis method error   
                 
     HOR - OPT         HOR - CVT     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  79.8  79.7  -0.1  0.0  79.8  79.9  0.1  0.0 
2  100.3  103.1  2.8  7.8  101.1  102.4  1.3  1.7 
3  93.9  93.9  0.0  0.0  94.4  95.2  0.8  0.6 
4  88.7  90.4  1.7  2.9  91.3  90.9  -0.4  0.2 
21  86.4  83.0  -3.4  11.6  86.6  85.8  -0.8  0.6 
22  86.4  86.9  0.5  0.3  85.3  84.3  -1.0  1.0 
23  72.4  74.1  1.7  2.9  75.1  75.3  0.2  0.0 
24  87.3  89.6  2.3  5.3  87.9  89.1  1.2  1.4 
sum  695.2  700.7  5.5  30.7  701.5  702.9  1.4  5.6 
mean  86.9  87.6  0.7  3.8  87.7  87.9  0.2  0.7 
SE mean d       0.7         0.3   
range  72.4to100.3  74.1to103.1      75.1to101.1  75.3to102.4     
s  8.39  8.93      8.16  8.57     
C.V.  9.66  10.19        9.30  9.75       
Dahlberg's         1.39         0.59 
p value         0.35         0.59 
t value         0.99         0.56 




  Sample 1 T2 computer cephalometric analysis method error   
                 
     OPT - StN         CVT - StN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  110.3  114.0  3.7  13.7  110.3  113.8  3.5  12.3 
2  81.6  79.4  -2.2  4.8  80.8  80.2  -0.6  0.4 
3  93.2  92.8  -0.4  0.2  92.6  91.6  -1.0  1.0 
4  100.1  97.9  -2.2  4.8  97.5  97.4  -0.1  0.0 
21  103.6  108.1  4.5  20.3  103.4  105.3  1.9  3.6 
22  102.4  101.2  -1.2  1.4  103.5  103.8  0.3  0.1 
23  114.8  114.0  -0.8  0.6  112.0  112.9  0.9  0.8 
24  99.8  97.3  -2.5  6.3  99.1  97.8  -1.3  1.7 
sum  805.8  804.7  -1.1  52.1  799.2  802.8  3.6  19.8 
mean  100.7  100.6  -0.1  6.5  99.9  100.4  0.5  2.5 
SE mean d       1.0         0.6   
range  81.6to114.8  79.4to114      80.8to112  80.2to113.8     
s  10.17  11.61      10.03  11.16     
C.V.  10.10  11.55        10.04  11.13       
Dahlberg's         1.80         1.11 
p value         0.89         0.46 
t value         0.14         0.79 









  Sample 1 T2 computer cephalometric analysis method error   
                 
     KW plane - Md plane       cv2ap - Ba     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -29.7  -30.9  -1.2  1.4  5.4  4.8  -0.6  0.4 
2  -27.5  -27.7  -0.2  0.0  4.9  5.5  0.6  0.4 
3  -32.8  -34.8  -2.0  4.0  5.5  4.9  -0.6  0.4 
4  -22.1  -20.4  1.7  2.9  7.5  7.7  0.2  0.0 
21  -22.9  -22.3  0.6  0.4  3.1  4.5  1.4  2.0 
22  -32.3  -32.4  -0.1  0.0  5.5  4.9  -0.6  0.4 
23  -30.3  -29.7  0.6  0.4  4.8  4.4  -0.4  0.2 
24  -26.3  -27.1  -0.8  0.6  4.5  7.0  2.5  6.3 
sum  -223.9  -225.3  -1.4  9.7  41.2  43.7  2.5  9.9 
mean  -28.0  -28.2  -0.2  1.2  5.2  5.5  0.3  1.2 
SE mean d       0.4         0.4   
range  -32.8to-22.1  -34.8to-20.4      3.1to7.5  4.4to7.7     
s  4.03  4.90      1.23  1.22     
C.V.  -14.40  -17.39        23.94  22.42       
Dahlberg's         0.78         0.78 
p value         0.68         0.46 
t value         0.42         0.78 




  Sample 1 T2 computer cephalometric analysis method error   
                 
     KW plane - Ba       Ba - Op     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  7.9  8.1  0.2  0.0  41.8  45.7  3.9  15.2 
2  6.4  6.8  0.4  0.2  34.2  33.4  -0.8  0.6 
3  6.2  7.2  1.0  1.0  42.3  41.3  -1.0  1.0 
4  6.9  5.3  -1.6  2.6  42.8  42.8  0.0  0.0 
21  7.0  4.6  -2.4  5.8  40.2  40.0  -0.2  0.0 
22  5.0  3.9  -1.1  1.2  35.9  39.9  4.0  16.0 
23  7.7  8.0  0.3  0.1  33.0  32.2  -0.8  0.6 
24  5.4  7.4  2.0  4.0  32.4  37.0  4.6  21.2 
sum  52.5  51.3  -1.2  14.8  302.6  312.3  9.7  54.7 
mean  6.6  6.4  -0.2  1.9  37.8  39.0  1.2  6.8 
SE mean d       0.5         0.9   
range  5to7.9  3.9to8.1      32.4to42.8  32.2to45.7     
s  1.02  1.60      4.40  4.60     
C.V.  15.60  24.97        11.64  11.78       
Dahlberg's         0.96         1.85 
p value         0.78         0.21 
t value         0.29         1.38 









Sample 1 T2 computer cephalometric analysis method error 
           
     At - Pt       
            
Subj. no.  1st det.  2nd det.  d  d*d   
1  48.2  51.9  3.7  13.7   
2  39.7  40.2  0.5  0.3   
3  46.6  48.5  1.9  3.6   
4  46.7  48.5  1.8  3.2   
21  50.1  49.5  -0.6  0.4   
22  44.6  43.8  -0.8  0.6   
23  41.5  39.6  -1.9  3.6   
24  42.2  46.7  4.5  20.3   
sum  359.6  368.7  9.1  45.7   
mean  45.0  46.1  1.1  5.7   
SE mean d       0.8     
range  39.7to50.1  39.6to51.9       
s  3.59  4.46       
C.V.  7.98  9.68         
Dahlberg's         1.69   
p value         0.20   
t value         1.43   




  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - PM plane       NHA - PM plane   
                   
Subj. no.  O 1st det.  O 2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  91.3  90.6  -0.7  0.5  95.3  94.1  -1.2  1.4 
2  85.8  83.8  -2.0  4.0  94.1  89.9  -4.2  17.6 
3  86.4  85.2  -1.2  1.4  94.0  91.9  -2.1  4.4 
4  89.5  86.5  -3.0  9.0  95.7  92.7  -3.0  9.0 
21  94.2  95.0  0.8  0.6  91.2  92.8  1.6  2.6 
22  93.4  92.8  -0.6  0.4  94.9  93.3  -1.6  2.6 
23  92.1  91.6  -0.5  0.3  88.3  88.4  0.1  0.0 
24  85.5  82.2  -3.3  10.9  92.1  88.7  -3.4  11.6 
sum  718.2  707.7  -10.5  27.1  745.6  731.8  -13.8  49.2 
mean  89.8  88.5  -1.3  3.4  93.2  91.5  -1.7  6.1 
SE mean d       0.5         0.7   
range  85.5to94.2  82.2to95      88.3to95.7  88.4to94.1     
s  3.50  4.65      2.51  2.18     
C.V.  3.90  5.26        2.70  2.38       
Dahlberg's         1.30         1.75 
p value         0.03         0.04 
t value         2.69         2.56 









  Sample 1 T3 computer cephalometric analysis method error   
                 
     PM plane - PM vertical       HOR - SN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  1.8  1.0  -0.8  0.6  5.2  5.6  0.4  0.2 
2  -1.2  0.8  2.0  4.0  4.2  3.3  -0.9  0.8 
3  1.4  0.7  -0.7  0.5  3.5  2.9  -0.6  0.4 
4  -0.6  0.2  0.8  0.6  0.1  0.3  0.2  0.0 
21  0.2  0.4  0.2  0.0  8.9  8.9  0.0  0.0 
22  -0.1  -1.8  -1.7  2.9  7.3  6.8  -0.5  0.3 
23  1.3  1.9  0.6  0.4  12.9  13.1  0.2  0.0 
24  -1.0  1.5  2.5  6.3  0.3  -0.2  -0.5  0.3 
sum  1.8  4.7  2.9  15.3  42.4  40.7  -1.7  1.9 
mean  0.2  0.6  0.4  1.9  5.3  5.1  -0.2  0.2 
SE mean d       0.5         0.2   
range  -1.2to1.8  -1.8to1.9      0.1to12.9  -0.2to13.1     
s  1.15  1.11      4.33  4.48     
C.V.  513.25  189.42        81.69  88.15       
Dahlberg's         0.98         0.35 
p value         0.50         0.24 
t value         0.72         1.28 




  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - StN         HOR - NHA     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  8.1  8.2  0.1  0.0  -4.0  -3.5  0.5  0.3 
2  6.8  6.5  -0.3  0.1  -8.3  -6.1  2.2  4.8 
3  6.1  5.5  -0.6  0.4  -7.6  -6.7  0.9  0.8 
4  3.1  3.6  0.5  0.3  -6.2  -6.2  0.0  0.0 
21  11.8  11.7  -0.1  0.0  3.1  2.2  -0.9  0.8 
22  10.7  9.9  -0.8  0.6  -1.5  -0.5  1.0  1.0 
23  15.2  16.1  0.9  0.8  3.7  3.2  -0.5  0.3 
24  3.0  2.5  -0.5  0.3  -6.5  -6.4  0.1  0.0 
sum  64.8  64.0  -0.8  2.4  -27.3  -24.0  3.3  8.0 
mean  8.1  8.0  -0.1  0.3  -3.4  -3.0  0.4  1.0 
SE mean d       0.2         0.3   
range  3to15.2  2.5to16.1      -8.3to3.7  -6.7to3.2     
s  4.27  4.49      4.72  4.09     
C.V.  52.70  56.11        -138.22  -136.32       
Dahlberg's         0.39         0.71 
p value         0.64         0.27 
t value         0.49         1.20 









  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - FH         HOR - KW plane   
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -2.0  -2.3  -0.3  0.1  -1.5  -1.8  -0.3  0.1 
2  -5.5  -4.4  1.1  1.2  -0.7  -0.6  0.1  0.0 
3  -4.1  -4.9  -0.8  0.6  -1.3  -1.3  0.0  0.0 
4  -5.2  -5.0  0.2  0.0  -3.0  -3.0  0.0  0.0 
21  3.0  2.1  -0.9  0.8  2.7  2.2  -0.5  0.3 
22  -5.6  -5.3  0.3  0.1  -0.7  -1.1  -0.4  0.2 
23  -0.2  1.3  1.5  2.3  4.4  4.1  -0.3  0.1 
24  -11.0  -9.9  1.1  1.2  -4.4  -4.3  0.1  0.0 
sum  -30.6  -28.4  2.2  6.3  -4.5  -5.8  -1.3  0.6 
mean  -3.8  -3.6  0.3  0.8  -0.6  -0.7  -0.2  0.1 
SE mean d       0.3         0.1   
range  -11to3  -9.9to2.1      -4.4to4.4  -4.3to4.1     
s  4.18  3.87      2.86  2.71     
C.V.  -109.35  -109.12        -509.07  -373.89       
Dahlberg's         0.63         0.20 
p value         0.42         0.10 
t value         0.86         1.93 




  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - P plane       HOR - FOP     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -1.7  -2.9  -1.2  1.4  -13.5  -13.3  0.2  0.0 
2  -3.3  -3.0  0.3  0.1  -6.1  -4.2  1.9  3.6 
3  -6.1  -6.6  -0.5  0.3  -10.2  -10.2  0.0  0.0 
4  -1.9  -1.6  0.3  0.1  -4.6  -9.0  -4.4  19.4 
21  3.5  1.9  -1.6  2.6  -3.9  -3.8  0.1  0.0 
22  -0.2  0.4  0.6  0.4  -14.7  -11.5  3.2  10.2 
23  0.4  -0.3  -0.7  0.5  -8.9  -8.6  0.3  0.1 
24  -4.1  -2.7  1.4  2.0  -8.9  -8.8  0.1  0.0 
sum  -13.4  -14.8  -1.4  7.2  -70.8  -69.4  1.4  33.4 
mean  -1.7  -1.9  -0.2  0.9  -8.9  -8.7  0.2  4.2 
SE mean d       0.4         0.8   
range  -6.1to3.5  -6.6to1.9      -14.7to-3.9  -13.3to-3.8     
s  2.96  2.60      3.92  3.29     
C.V.  -176.84  -140.51        -44.34  -37.89       
Dahlberg's         0.67         1.44 
p value         0.64         0.83 
t value         0.50         0.23 









  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - Md plane       HOR - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -31.4  -32.3  -0.9  0.8  -4.5  -5.6  -1.1  1.2 
2  -21.8  -21.5  0.3  0.1  13.5  13.6  0.1  0.0 
3  -30.0  -30.8  -0.8  0.6  13.4  13.4  0.0  0.0 
4  -20.2  -19.9  0.3  0.1  2.0  0.8  -1.2  1.4 
21  -20.1  -19.6  0.5  0.3  19.2  20.1  0.9  0.8 
22  -33.7  -32.8  0.9  0.8  7.0  7.4  0.4  0.2 
23  -25.0  -24.5  0.5  0.3  24.7  25.7  1.0  1.0 
24  -26.8  -27.0  -0.2  0.0  5.2  5.2  0.0  0.0 
sum  -209.0  -208.4  0.6  3.0  80.5  80.6  0.1  4.6 
mean  -26.1  -26.1  0.1  0.4  10.1  10.1  0.0  0.6 
SE mean d       0.2         0.3   
range  -33.7to-20.1  -32.8to-19.6      -4.5to24.7  -5.6to25.7     
s  5.24  5.49      9.49  10.22     
C.V.  -20.05  -21.06        94.34  101.41       
Dahlberg's         0.43         0.54 
p value         0.75         0.97 
t value         0.33         0.04 




  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - FML         FML - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  6.3  6.6  0.3  0.1  -10.8  -12.2  -1.4  2.0 
2  8.0  7.0  -1.0  1.0  5.5  6.6  1.1  1.2 
3  6.7  7.7  1.0  1.0  6.7  5.7  -1.0  1.0 
4  5.8  5.5  -0.3  0.1  -3.8  -4.7  -0.9  0.8 
21  11.3  12.5  1.2  1.4  7.9  7.6  -0.3  0.1 
22  8.6  7.6  -1.0  1.0  -1.6  -0.2  1.4  2.0 
23  21.3  24.5  3.2  10.2  3.4  1.1  -2.3  5.3 
24  3.7  7.5  3.8  14.4  1.5  -2.3  -3.8  14.4 
sum  71.7  78.9  7.2  29.3  8.8  1.6  -7.2  26.8 
mean  9.0  9.9  0.9  3.7  1.1  0.2  -0.9  3.3 
SE mean d       0.6         0.6   
range  3.7to21.3  5.5to24.5      -10.8to7.9  -12.2to7.6     
s  5.46  6.26      6.27  6.67     
C.V.  60.91  63.49        570.13  3332.52       
Dahlberg's         1.35         1.29 
p value         0.20         0.18 
t value         1.41         1.50 









  Sample 1 T3 computer cephalometric analysis method error   
                 
     HOR - OPT         HOR - CVT     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  76.8  77.7  0.9  0.8  74.6  75.2  0.6  0.4 
2  91.4  91.8  0.4  0.2  92.2  92.8  0.6  0.4 
3  84.0  83.1  -0.9  0.8  84.9  85.5  0.6  0.4 
4  80.3  78.1  -2.2  4.8  79.7  78.5  -1.2  1.4 
21  97.0  96.4  -0.6  0.4  95.2  93.9  -1.3  1.7 
22  83.3  84.6  1.3  1.7  84.0  85.0  1.0  1.0 
23  84.8  85.7  0.9  0.8  87.1  87.3  0.2  0.0 
24  83.7  83.5  -0.2  0.0  82.1  82.3  0.2  0.0 
sum  681.3  680.9  -0.4  9.5  679.8  680.5  0.7  5.3 
mean  85.2  85.1  -0.1  1.2  85.0  85.1  0.1  0.7 
SE mean d       0.4         0.3   
range  76.8to97  77.7to96.4      74.6to95.2  75.2to93.9     
s  6.32  6.36      6.61  6.45     
C.V.  7.42  7.48        7.78  7.58       
Dahlberg's         0.77         0.58 
p value         0.91         0.78 
t value         0.12         0.29 




  Sample 1 T3 computer cephalometric analysis method error   
                 
     OPT - StN         CVT - StN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  111.4  110.4  -1.0  1.0  113.5  112.4  -1.1  1.2 
2  95.3  94.7  -0.6  0.4  94.5  93.7  -0.8  0.6 
3  102.0  102.5  0.5  0.3  101.2  100.1  -1.1  1.2 
4  102.8  105.5  2.7  7.3  103.4  105.1  1.7  2.9 
21  94.8  95.2  0.4  0.2  96.6  97.8  1.2  1.4 
22  107.4  105.2  -2.2  4.8  106.7  104.9  -1.8  3.2 
23  110.4  110.4  0.0  0.0  108.1  108.8  0.7  0.5 
24  99.3  99.0  -0.3  0.1  100.9  100.2  -0.7  0.5 
sum  823.4  822.9  -0.5  14.0  824.9  823.0  -1.9  11.6 
mean  102.9  102.9  -0.1  1.7  103.1  102.9  -0.2  1.5 
SE mean d       0.5         0.4   
range  94.8to111.4  94.7to110.4      94.5to113.5  93.7to112.4     
s  6.39  6.17      6.22  6.09     
C.V.  6.21  6.00        6.03  5.92       
Dahlberg's         0.94         0.85 
p value         0.90         0.61 
t value         0.13         0.53 









  Sample 1 T3 computer cephalometric analysis method error   
                 
     KW plane - Md plane       cv2ap - Ba     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -29.9  -30.4  -0.5  0.3  7.6  8.4  0.8  0.6 
2  -21.1  -20.9  0.2  0.0  5.8  4.2  -1.6  2.6 
3  -28.7  -29.4  -0.7  0.5  3.5  6.2  2.7  7.3 
4  -17.2  -16.9  0.3  0.1  6.8  6.6  -0.2  0.0 
21  -22.8  -21.8  1.0  1.0  2.9  4.1  1.2  1.4 
22  -33.0  -31.7  1.3  1.7  6.2  7.3  1.1  1.2 
23  -29.4  -28.6  0.8  0.6  3.6  5.7  2.1  4.4 
24  -22.4  -22.6  -0.2  0.0  5.1  7.1  2.0  4.0 
sum  -204.5  -202.3  2.2  4.2  41.5  49.6  8.1  21.6 
mean  -25.6  -25.3  0.3  0.5  5.2  6.2  1.0  2.7 
SE mean d       0.3         0.5   
range  -33to-17.2  -31.7to-16.9      2.9to7.6  4.1to8.4     
s  5.43  5.40      1.71  1.50     
C.V.  -21.23  -21.35        32.93  24.14       
Dahlberg's         0.51         1.16 
p value         0.32         0.08 
t value         1.08         2.07 




  Sample 1 T3 computer cephalometric analysis method error   
                 
     KW plane - Ba       Ba - Op     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  7.3  6.8  -0.5  0.3  49.2  46.8  -2.4  5.8 
2  5.6  4.8  -0.8  0.6  36.9  36.1  -0.8  0.6 
3  5.6  6.0  0.4  0.2  39.9  38.3  -1.6  2.6 
4  6.1  6.2  0.1  0.0  39.9  41.9  2.0  4.0 
21  6.7  6.7  0.0  0.0  41.1  37.7  -3.4  11.6 
22  5.7  5.9  0.2  0.0  34.6  39.6  5.0  25.0 
23  10.9  13.1  2.2  4.8  36.8  37.3  0.5  0.3 
24  5.1  6.8  1.7  2.9  34.5  33.3  -1.2  1.4 
sum  53.0  56.3  3.3  8.8  312.9  311.0  -1.9  51.2 
mean  6.6  7.0  0.4  1.1  39.1  38.9  -0.2  6.4 
SE mean d       0.4         1.0   
range  5.1to10.9  4.8to13.1      34.5to49.2  33.3to46.8     
s  1.86  2.54      4.76  4.06     
C.V.  28.12  36.05        12.18  10.45       
Dahlberg's         0.74         1.79 
p value         0.30         0.81 
t value         1.13         0.25 









Sample 1 T3 computer cephalometric analysis method error 
           
     At - Pt       
            
Subj. no.  1st det.  2nd det.  d  d*d   
1  48.9  48.9  0.0  0.0   
2  47.6  47.6  0.0  0.0   
3  47.7  47.0  -0.7  0.5   
4  46.0  46.9  0.9  0.8   
21  49.3  45.9  -3.4  11.6   
22  42.5  43.7  1.2  1.4   
23  42.2  41.5  -0.7  0.5   
24  41.9  41.9  0.0  0.0   
sum  366.1  363.4  -2.7  14.8   
mean  45.8  45.4  -0.3  1.8   
SE mean d       0.5     
range  41.9to49.3  41.5to48.9       
s  3.11  2.74       
C.V.  6.80  6.03         
Dahlberg's         0.96   
p value         0.52   
t value         0.68   
































    Descriptive statistics of sample 1   
               
    HOR - PM plane      NHA - PM plane 
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  82.5  91.1  90.6    89.0  91.2  94.1 
2  87.8  77.5  83.8    93.0  87.5  89.9 
3  85.0  84.3  85.2    89.2  89.5  91.9 
4  85.7  90.3  86.5    92.8  91.3  92.7 
5  84.9  87.2  87.0    90.0  93.6  92.7 
6  91.8  86.7  92.5    93.2  95.8  95.6 
7  78.0  92.3  88.6    81.5  88.8  85.7 
8  82.8  86.0  86.7    88.4  94.2  94.3 
9  88.5  85.8  84.6    92.5  91.0  94.2 
10  91.9  92.4  94.3    90.4  96.0  96.8 
11  76.7  77.3  81.8    81.6  83.2  87.9 
12  90.9  84.8  89.3    90.0  87.7  90.0 
13  91.8  94.1  91.5    93.3  93.6  96.8 
14  87.8  90.6  87.5    86.1  85.1  83.1 
15  85.6  90.3  90.6    87.0  93.2  101.6 
16  88.9  92.7  82.2    88.9  86.3  85.3 
17  84.8  86.8  82.5    83.4  92.1  88.9 
18  81.8  86.4  84.1    91.8  93.0  93.1 
19  87.0  93.5  88.4    91.9  95.0  93.8 
20  85.6  87.6  86.8    91.8  93.0  93.7 
21  90.9  91.6  95.0    92.9  90.5  92.8 
22  89.7  86.5  92.8    89.7  90.1  93.3 
23  85.3  84.7  91.6    83.2  87.9  88.4 
24  83.5  87.8  82.2    89.9  89.4  88.7 
25  83.5  80.5  88.5    85.5  82.6  84.0 
26  92.0  94.2  94.1    90.9  94.8  101.0 
27  83.6  87.6  84.2    94.9  101.2  96.8 
28  88.4  87.5  90.0    86.7  91.0  92.0 
29  89.7  93.3  96.0    93.4  96.4  97.8 
30  83.2  85.3  86.1    85.9  86.8  89.1 
31  90.0  85.4  92.5    91.0  90.1  92.6 
32  84.9  87.6  84.0    84.3  87.4  88.7 
33  84.5  83.6  91.7    87.1  89.3  92.4 
34  90.9  87.1  87.5    85.4  89.9  89.7 
35  90.0  94.7  93.8    93.8  91.6  92.7 
36  88.4  90.7  89.3    92.3  95.3  91.2 
37  86.1  89.8  89.5    89.0  86.7  90.2 
38  84.3  89.6  84.4    87.6  91.2  90.9 
39  80.8  87.0  87.9    85.7  91.1  93.3 
40  86.7  90.0  90.5    89.5  91.4  91.8 
                 
sum  3456.2  3522.2  3536.1    3564.4  3635.8  3679.5 
mean  86.4  88.1  88.4    89.1  90.9  92.0 
range  76.7to92  77.3to94.7  81.8to96    81.5to94.9  82.6to101.2  83.1to101.6 
SD  3.76  4.13  3.90    3.53  3.77  4.03 







    Descriptive statistics of sample 1   
               
    PM plane - PM vertical      HOR - SN   
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  1.4  -0.5  1.0    2.3  9.8  5.6 
2  -1.0  -1.6  0.8    5.4  -0.1  3.3 
3  0.0  -1.2  0.7    3.2  4.1  2.9 
4  -0.2  1.2  0.2    -0.5  5.3  0.3 
5  -4.1  -1.0  -2.2    2.9  8.5  2.1 
6  -1.6  0.0  -1.1    9.3  2.4  5.8 
7  4.7  1.9  3.7    4.6  10.8  12.5 
8  2.9  1.8  1.7    4.5  1.5  0.3 
9  2.2  1.6  -1.3    5.0  3.2  2.5 
10  3.6  2.3  0.2    11.3  11.1  7.9 
11  -0.3  -0.3  0.5    4.0  2.8  3.0 
12  -2.2  3.2  2.6    8.6  5.5  8.6 
13  0.5  3.8  1.0    7.5  10.7  4.9 
14  -0.4  2.2  4.0    11.4  15.7  13.5 
15  3.5  0.0  -0.8    8.0  9.0  1.3 
16  -3.6  0.4  1.6    7.7  14.6  5.7 
17  2.4  2.6  2.9    10.2  3.7  2.3 
18  2.5  1.9  0.8    0.7  5.2  0.9 
19  0.9  0.5  3.1    6.3  9.1  4.2 
20  -1.8  0.5  1.3    3.0  9.1  2.5 
21  -1.5  0.3  0.4    6.2  8.2  8.9 
22  2.8  3.2  -1.8    6.7  4.8  6.8 
23  0.9  0.0  1.9    8.4  5.6  13.1 
24  0.3  -0.4  1.5    -1.6  3.4  -0.2 
25  -2.8  1.5  3.8    7.4  5.9  12.9 
26  0.5  0.4  0.7    10.5  10.6  6.9 
27  0.7  1.8  3.6    0.3  -1.8  0.8 
28  0.9  1.4  3.3    10.7  7.7  9.4 
29  0.6  1.7  -0.3    5.5  8.2  9.8 
30  -2.0  -1.7  0.8    3.9  11.7  8.6 
31  -0.4  4.9  1.2    8.7  5.9  11.6 
32  3.0  0.9  3.3    11.9  13.2  7.3 
33  0.1  -0.9  0.4    4.1  2.5  7.9 
34  3.3  1.0  0.7    13.3  5.5  6.7 
35  0.0  1.7  3.5    5.8  13.5  12.1 
36  0.5  -0.4  2.2    2.4  2.5  5.7 
37  -2.7  -0.2  -1.6    4.7  9.7  6.1 
38  2.7  1.2  1.3    1.5  6.3  1.0 
39  2.2  0.6  2.1    1.4  5.1  2.7 
40  0.8  2.4  1.0    4.9  5.2  6.7 
                 
sum  19.2  38.7  48.7    232.1  275.7  234.9 
mean  0.5  1.0  1.2    5.8  6.9  5.9 
range  -4.1to4.7  -1.7to4.9  -2.2to4    -1.6to13.3  -1.8to15.7  -0.2to13.5 
SD  2.11  1.48  1.63    3.66  4.05  3.99 







    Descriptive statistics of sample 1   
               
    HOR - StN        HOR - NHA 
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  5.7  13.6  8.2    -6.5  -0.1  -3.5 
2  8.5  2.6  6.5    -5.2  -10.0  -6.1 
3  5.8  6.7  5.5    -4.2  -5.2  -6.7 
4  2.4  8.3  3.6    -7.1  -1.0  -6.2 
5  6.2  11.0  4.8    -5.1  -6.3  -5.7 
6  12.3  5.3  8.8    -1.3  -9.1  -3.1 
7  7.5  14.3  15.7    -3.4  3.6  2.9 
8  7.0  3.5  2.9    -5.6  -8.2  -7.7 
9  7.4  5.2  4.9    -4.0  -5.2  -9.6 
10  14.1  13.8  10.5    1.5  -3.6  -2.5 
11  6.6  5.3  5.7    -4.8  -5.8  -6.1 
12  11.4  8.3  11.1    0.9  -2.9  -0.7 
13  10.9  13.6  8.0    -1.5  0.5  -5.3 
14  14.9  19.2  16.6    1.7  5.5  4.4 
15  10.4  11.1  3.8    -1.4  -2.9  -11.1 
16  10.5  17.4  8.6    -8.4  6.4  -3.1 
17  13.0  6.4  5.1    1.4  -5.3  -6.5 
18  3.5  8.3  3.2    -9.9  -6.6  -9.1 
19  9.6  11.6  7.1    -4.8  -1.5  -5.5 
20  5.8  11.6  3.8    -6.2  -1.5  -6.8 
21  10.0  11.1  11.7    -2.0  1.1  2.2 
22  10.7  8.0  9.9    0.0  -3.6  -0.5 
23  10.8  8.1  16.1    2.1  -3.2  3.2 
24  2.4  6.9  2.5    -6.4  -1.6  -6.4 
25  10.4  8.3  15.1    -2.0  -2.0  4.5 
26  13.3  13.0  10.0    1.1  -0.7  -6.9 
27  3.8  2.8  3.6    -11.3  -13.6  -12.6 
28  13.4  10.2  12.4    1.7  -3.5  -2.0 
29  8.1  10.4  12.8    -3.6  -3.1  -1.8 
30  7.3  14.2  11.7    -2.7  -1.6  -3.0 
31  12.7  8.8  14.6    -1.0  -4.7  -0.1 
32  15.2  16.5  10.8    0.6  0.2  -4.7 
33  6.6  5.0  11.1    -2.6  -5.7  -0.7 
34  15.8  8.5  9.6    5.4  -2.8  -2.2 
35  8.2  16.5  14.9    -3.8  3.1  1.2 
36  4.9  5.4  8.3    -3.9  -4.6  -1.9 
37  7.1  12.7  8.8    -2.9  3.1  -0.8 
38  3.7  8.8  3.1    -3.2  -1.6  -6.5 
39  3.7  7.4  5.3    -4.9  -4.1  -5.5 
40  7.7  8.4  9.7    -2.7  -1.4  -1.3 
                 
sum  349.3  388.1  346.4    -115.9  -109.5  -143.8 
mean  8.7  9.7  8.7    -2.9  -2.7  -3.6 
range  2.4to15.8  2.6to19.2  2.5to16.6    -11.3to5.4  -13.6to6.4  -12.6to4.5 
SD  3.69  4.09  4.14    3.49  4.03  4.08 






Table 69.  
    Descriptive statistics of sample 1   
               
    HOR - FH        HOR - KW plane 
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  -6.3  0.8  -2.3    -3.9  2.5  -1.8 
2  -4.2  -8.7  -4.4    4.6  -1.5  -0.6 
3  -3.2  -2.7  -4.9    -0.4  -0.2  -1.3 
4  -5.1  1.0  -5.0    -2.6  1.5  -3.0 
5  -4.2  -9.2  -2.7    0.6  -3.6  -1.8 
6  -2.2  -9.4  -4.0    2.3  -5.3  -0.9 
7  -5.1  3.5  2.5    -0.8  5.1  5.2 
8  -6.7  -4.5  -7.1    -3.5  -6.6  -6.1 
9  -2.3  -3.2  -6.5    1.4  0.1  -3.4 
10  -0.6  -3.6  -1.4    4.1  2.4  0.7 
11  -4.1  -6.6  -5.5    0.3  0.2  -0.5 
12  -3.3  -6.1  -4.6    3.0  -0.6  1.4 
13  1.0  -0.3  -4.4    3.0  3.8  -1.4 
14  1.7  4.8  3.4    3.2  5.6  2.3 
15  0.6  -1.6  -5.9    2.3  2.4  -4.4 
16  -1.7  4.3  -4.5    1.2  7.3  -3.6 
17  1.8  -3.7  -4.9    5.8  0.6  -2.1 
18  -9.2  -5.1  -10.0    -1.6  -2.2  -6.2 
19  -3.8  -0.6  -3.8    1.1  3.0  -0.4 
20  -3.1  -0.6  -2.6    0.4  3.0  -1.0 
21  -0.9  2.3  2.1    -1.0  1.1  2.2 
22  -5.7  -7.7  -5.3    0.9  -4.4  -1.1 
23  -1.8  -5.1  1.3    1.3  -2.7  4.1 
24  -9.5  -3.4  -9.9    -3.3  0.7  -4.3 
25  -4.9  -5.6  1.0    -2.8  -4.4  2.0 
26  -2.1  -2.8  -4.9    2.3  0.5  -2.5 
27  -10.0  -10.1  -8.7    -5.1  -6.1  -5.0 
28  -0.9  -2.2  -2.7    3.7  -2.4  0.3 
29  -3.4  -1.9  -1.8    1.2  2.1  3.5 
30  -5.9  -4.0  -3.4    -2.0  1.2  -1.4 
31  -3.4  -4.0  -1.9    2.5  -3.4  1.5 
32  -2.4  -2.5  -4.6    0.0  0.4  -6.1 
33  -5.8  -8.3  -2.4    -1.1  -5.2  1.0 
34  5.4  -4.1  -3.5    7.7  -2.0  -2.0 
35  -5.4  1.0  1.4    -4.5  3.9  2.7 
36  -5.6  -6.5  -2.7    -3.4  -4.4  -3.0 
37  -6.0  0.4  -1.2    -2.5  0.8  -3.1 
38  -6.2  -4.3  -9.2    0.3  0.8  -5.0 
39  -3.2  -3.6  -6.4    0.6  -0.4  -2.5 
40  -1.1  -3.8  -1.3    2.6  6.0  3.8 
                 
sum  -138.8  -127.7  -142.7    17.8  -0.4  -43.8 
mean  -3.5  -3.2  -3.6    0.4  0.0  -1.1 
range  -10to5.4  -10.1to4.8  -10to3.4    -5.1to7.7  -6.6to7.3  -6.2to5.2 
SD  3.15  3.71  3.23    2.91  3.46  2.95 







    Descriptive statistics of sample 1   
               
    HOR - P plane      HOR - FOP 
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  -7.6  -0.7  -2.9    -20.8  -10.4  -13.3 
2  -1.5  -6.8  -3.0    -10.3  -13.7  -4.2 
3  -4.6  -4.8  -6.6    -14.2  -13.7  -10.2 
4  -2.1  3.9  -1.6    -13.3  -3.4  -9.0 
5  -4.5  -5.5  -2.7    -16.3  -15.7  -7.4 
6  3.8  -1.7  4.1    -8.4  -11.6  -6.0 
7  -5.5  1.2  3.1    -16.3  -7.1  -5.6 
8  -3.8  -5.2  -5.8    -17.6  -13.2  -13.6 
9  -0.8  2.6  -0.7    -11.4  -10.5  -11.3 
10  2.7  1.4  -0.2    -10.9  -9.3  -2.5 
11  -5.2  -5.9  -4.1    -16.2  -15.2  -15.2 
12  -1.7  -4.1  -1.7    -13.7  -16.6  -11.0 
13  2.1  3.6  -1.3    -11.0  -2.9  -6.7 
14  4.4  8.3  5.5    -10.9  -6.9  -10.5 
15  2.9  3.1  -2.0    -9.5  -6.3  -9.5 
16  -2.3  5.2  -5.5    -15.3  -7.3  -14.0 
17  2.1  -3.2  -7.5    -13.0  -15.1  -15.9 
18  -1.5  3.2  -2.2    -14.9  -10.7  -11.4 
19  4.7  7.1  4.9    -9.0  -4.7  -5.2 
20  1.9  7.1  1.2    -10.8  -4.7  -11.3 
21  0.9  2.3  1.9    -8.8  -4.5  -3.8 
22  1.9  -4.4  0.4    -13.3  -14.2  -11.5 
23  -3.1  -5.6  -0.3    -16.6  -17.0  -8.6 
24  -3.1  0.5  -2.7    -13.5  -4.3  -8.8 
25  -5.5  -6.9  0.4    -15.5  -15.1  -7.8 
26  -5.3  -1.7  -4.1    -13.2  -13.9  -12.8 
27  -7.2  -3.3  -1.4    -13.6  -14.9  -14.4 
28  2.7  -2.3  1.8    -11.6  -11.9  -11.2 
29  0.2  5.1  3.6    -13.7  -13.7  -3.7 
30  -2.8  2.3  -1.6    -17.5  -10.3  -11.8 
31  3.0  2.4  5.5    -9.5  -12.7  -9.1 
32  0.1  0.5  -0.5    -10.6  -8.6  -10.8 
33  1.0  -0.7  1.7    -12.4  -15.0  -7.2 
34  7.9  -1.5  0.6    -0.8  -7.7  -3.2 
35  -4.8  3.0  0.5    -15.4  -5.6  -7.2 
36  -3.2  -4.2  -2.0    -19.1  -18.3  -13.5 
37  -0.8  4.6  2.7    -15.2  -9.1  -9.1 
38  -4.4  -2.9  -7.0    -14.5  -9.1  -9.4 
39  -3.3  0.5  -2.3    -14.1  -7.7  -6.9 
40  -0.1  6.3  5.3    -11.5  -7.5  -4.7 
                 
sum  -42.4  2.8  -26.5    -524.1  -420.1  -369.3 
mean  -1.1  0.1  -0.7    -13.1  -10.5  -9.2 
range  -7.6to7.9  -6.9to8.3  -7.5to5.5    -20.8to-0.8  -18.3to-2.9  -15.9to-2.5 
SD  3.63  4.25  3.44    3.52  4.24  3.53 







    Descriptive statistics of sample 1 
             
    HOR - Md plane    HOR - AtPt 
             
Subj. no.  T1  T2  T3  T1  T2  T3 
               
1  -37.6  -28.4  -32.3  -1.4  6.1  -5.6 
2  -26.3  -29.1  -21.5  23.0  17.9  13.6 
3  -35.4  -35.1  -30.8  10.6  18.2  13.4 
4  -25.4  -18.8  -19.9  12.8  10.6  0.8 
5  -30.0  -30.4  -22.1  19.1  22.6  20.3 
6  -24.0  -28.0  -21.1  15.9  10.1  10.4 
7  -31.0  -23.4  -17.7  29.6  18.3  20.9 
8  -30.7  -29.5  -27.9  16.6  12.9  6.1 
9  -32.1  -28.5  -32.4  7.6  11.1  1.6 
10  -29.4  -29.3  -30.8  7.4  5.0  6.2 
11  -32.6  -28.9  -26.6  32.2  25.2  22.2 
12  -31.6  -30.9  -27.3  23.5  16.9  20.8 
13  -30.6  -27.1  -30.4  20.6  9.5  10.1 
14  -26.3  -21.1  -23.3  12.2  14.1  4.6 
15  -25.6  -23.8  -26.1  19.5  27.6  11.2 
16  -32.6  -23.8  -30.9  27.0  18.8  12.2 
17  -24.7  -27.9  -31.6  25.3  19.9  17.0 
18  -31.8  -26.1  -25.2  11.6  12.2  4.8 
19  -27.4  -23.5  -26.3  21.3  10.0  16.3 
20  -35.4  -23.5  -31.7  27.5  10.0  19.2 
21  -25.8  -21.2  -19.6  20.7  16.4  20.1 
22  -33.4  -36.8  -32.8  11.0  6.8  7.4 
23  -30.9  -32.4  -24.5  23.1  16.7  25.7 
24  -32.0  -26.4  -27.0  9.0  12.6  5.2 
25  -22.0  -22.7  -15.6  19.1  7.7  16.7 
26  -34.5  -33.3  -36.3  13.0  13.5  7.3 
27  -37.9  -36.1  -33.5  1.7  0.3  -0.9 
28  -26.7  -29.1  -25.8  6.9  12.7  2.8 
29  -35.3  -29.8  -27.9  26.0  26.1  28.8 
30  -34.3  -28.8  -28.9  10.9  17.7  14.8 
31  -28.3  -30.6  -28.4  16.0  15.4  21.3 
32  -36.4  -35.8  -36.2  13.6  14.7  5.2 
33  -39.1  -39.5  -30.9  12.2  5.2  11.5 
34  -18.8  -28.2  -23.5  25.2  13.2  19.4 
35  -30.1  -20.4  -20.9  2.4  14.7  17.9 
36  -28.7  -29.3  -26.7  17.6  8.8  14.5 
37  -25.9  -21.6  -21.0  19.4  23.7  15.2 
38  -32.2  -23.5  -25.0  1.0  11.5  5.5 
39  -30.8  -26.4  -29.8  27.0  19.2  14.9 
40  -26.3  -26.1  -20.2  20.8  17.1  14.8 
               
sum  -1210.0  -1115.1  -1070.4  658.5  571.0  494.2 
mean  -30.2  -27.9  -26.8  16.5  14.3  12.4 
range  -39.1to-18.8  -39.5to-18.8  -36.3to-15.6  -1.4to32.2  0.3to27.6  -5.6to28.8 
SD  4.55  4.81  5.07  8.37  6.07  7.77 







    Descriptive statistics of sample 1 
             
    HOR - FML    FML - AtPt   
             
Subj. no.  T1  T2  T3  T1  T2  T3 
               
1  8.3  12.6  6.6  -9.7  -6.6  -12.2 
2  16.6  10.3  7.0  6.4  7.6  6.6 
3  8.1  9.8  7.7  2.4  8.4  5.7 
4  9.3  8.7  5.5  3.5  1.9  -4.7 
5  12.4  8.7  12.1  6.7  13.9  8.2 
6  7.2  1.8  5.9  8.6  8.3  4.4 
7  13.4  13.6  13.3  16.2  4.7  7.6 
8  7.2  -2.4  -2.4  9.4  15.3  15.3 
9  11.5  11.5  9.9  -3.8  -3.8  -8.3 
10  13.9  8.5  13.1  -6.5  -3.5  -6.9 
11  22.3  22.3  14.6  9.9  9.9  7.6 
12  17.6  9.1  12.5  5.9  7.8  8.2 
13  9.7  7.4  5.9  10.8  2.1  4.3 
14  5.9  14.9  12.7  4.3  -0.7  -8.1 
15  12.9  12.9  5.5  6.5  6.5  5.6 
16  18.3  16.8  7.4  8.7  2.0  4.8 
17  17.3  14.0  8.6  8.0  5.8  8.4 
18  14.0  9.1  4.3  -2.3  3.1  0.5 
19  9.5  10.1  9.4  11.8  -0.1  6.9 
20  13.4  10.1  12.9  14.1  -0.1  6.3 
21  9.0  7.7  12.5  11.7  8.7  7.6 
22  4.6  1.2  7.6  6.5  5.6  -0.2 
23  17.8  11.7  24.5  5.3  5.0  1.1 
24  7.5  12.3  7.5  1.4  0.3  -2.3 
25  4.4  3.7  3.7  14.8  4.0  4.0 
26  9.7  7.2  5.3  3.3  6.3  1.9 
27  -2.4  5.0  5.3  15.3  -4.8  -6.2 
28  16.3  16.3  11.2  -9.3  -9.3  -8.4 
29  17.4  13.7  15.9  8.5  12.4  12.9 
30  7.3  10.1  10.8  3.5  7.6  4.1 
31  13.0  4.7  12.1  2.9  10.7  9.2 
32  11.2  14.6  3.5  2.3  0.1  1.7 
33  12.1  4.2  9.5  0.1  1.0  2.0 
34  21.3  12.9  12.0  3.9  0.3  7.4 
35  0.7  11.9  11.8  1.7  2.7  6.1 
36  6.6  3.7  4.3  11.0  5.1  10.2 
37  8.7  11.6  9.7  10.7  12.1  5.5 
38  11.8  10.7  5.6  -10.8  0.8  -0.2 
39  16.1  15.0  13.5  10.9  4.2  1.3 
40  13.5  16.5  14.9  7.3  0.6  -0.1 
               
sum  455.5  404.5  373.7  211.9  155.9  117.8 
mean  11.4  10.1  9.3  5.3  3.9  2.9 
range  -2.4to22.3  -2.4to22.3  -2.4to24.5  -10.8to16.2  -9.3to15.3  -12.2to15.3 
SD  5.28  4.87  4.63  6.70  5.52  6.23 







    Descriptive statistics of sample 1   
               
    HOR - OPT      HOR - CVT   
               
Subj. 
no.  T1  T2  T3    T1  T2  T3 
                 
1  81.7  79.7  77.7    81.6  79.9  75.2 
2  105.1  103.1  91.8    104.5  102.4  92.8 
3  85.0  93.9  83.1    83.5  95.2  85.5 
4  92.0  90.4  78.1    92.4  90.9  78.5 
5  86.5  85.3  86.2    82.9  82.9  82.4 
6  88.2  91.9  88.0    88.9  93.3  88.4 
7  91.5  77.8  79.9    91.5  77.8  80.8 
8  94.4  86.6  81.2    94.7  88.0  80.9 
9  76.2  82.3  70.7    75.5  82.7  68.1 
10  83.8  83.6  77.2    83.8  83.3  81.5 
11  101.0  88.0  83.9    96.4  88.3  81.7 
12  96.7  84.9  89.1    94.2  81.7  88.0 
13  103.9  89.5  88.2    97.9  90.5  84.6 
14  87.0  91.1  75.8    86.2  90.5  74.8 
15  88.2  95.4  78.3    83.5  93.7  80.7 
16  102.0  84.8  80.3    100.0  86.4  79.2 
17  90.6  86.3  83.0    86.7  83.4  78.6 
18  82.8  80.4  78.8    85.3  83.6  79.3 
19  93.6  78.9  90.0    94.9  79.8  89.6 
20  92.0  78.9  79.9    88.6  79.8  74.2 
21  89.5  83.0  96.4    90.6  85.8  93.9 
22  83.4  86.9  84.6    83.4  84.3  85.0 
23  87.4  74.1  85.7    87.2  75.3  87.3 
24  87.2  89.6  83.5    87.9  89.1  82.3 
25  90.0  82.7  92.2    85.0  77.0  86.3 
26  93.2  92.3  89.7    95.8  95.1  91.6 
27  73.3  78.0  74.2    74.4  79.2  73.6 
28  76.0  84.8  72.2    75.2  83.1  70.5 
29  94.0  94.4  95.9    92.9  94.9  93.6 
30  90.0  79.2  82.9    88.6  77.0  79.8 
31  90.9  84.5  91.0    91.3  82.8  87.7 
32  83.9  84.3  75.9    81.4  81.4  74.3 
33  88.9  89.4  87.3    84.6  88.6  83.8 
34  90.0  85.2  90.0    91.3  84.2  85.3 
35  79.8  89.5  95.3    79.1  87.3  92.0 
36  92.9  85.0  78.0    89.8  84.4  75.3 
37  87.0  91.1  84.5    84.9  90.7  83.8 
38  80.1  83.8  79.7    81.3  83.6  79.2 
39  104.3  92.2  87.4    104.5  95.3  87.7 
40  96.4  94.2  82.2    98.1  94.1  82.1 
                 
sum  3580.4  3457.0  3349.8    3540.2  3447.3  3299.9 
mean  89.5  86.4  83.7    88.5  86.2  82.5 
range  73.3to105.1  74.1to103.1  70.7to96.4    74.4to104.5  75.3to102.4  68.1to93.9 
SD  7.56  5.90  6.47    7.32  6.22  6.37 






    Descriptive statistics of sample 1   
               
    OPT - StN        CVT - StN   
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  104.0  114.0  110.4    104.1  113.8  112.4 
2  83.4  79.4  94.7    84.0  80.2  93.7 
3  100.9  92.8  102.5    102.4  91.6  100.1 
4  90.4  97.9  105.5    90.0  97.4  105.1 
5  99.7  105.6  98.6    103.2  108.1  102.4 
6  104.0  93.4  100.8    103.4  92.0  100.4 
7  95.9  116.5  115.7    95.9  116.6  114.8 
8  92.6  96.9  101.7    92.3  95.6  102.0 
9  111.2  102.9  114.1    111.9  102.4  116.7 
10  110.4  110.2  113.2    110.4  110.5  108.9 
11  85.6  97.3  101.8    90.2  97.1  104.0 
12  94.7  103.4  102.1    97.1  106.6  103.1 
13  87.0  104.1  99.8    93.0  103.2  103.4 
14  107.9  108.1  120.8    108.7  108.7  121.8 
15  102.2  95.7  105.5    106.8  97.4  103.1 
16  88.5  112.6  108.3    90.5  111.0  109.4 
17  102.4  100.2  102.1    106.3  103.1  106.5 
18  100.6  107.9  104.3    98.1  104.7  103.9 
19  95.9  112.7  97.1    94.7  111.8  97.6 
20  93.9  112.7  103.9    97.3  111.8  109.6 
21  100.0  108.1  95.2    98.9  105.3  97.8 
22  106.8  101.2  105.2    106.8  103.8  104.9 
23  103.8  114.0  110.4    104.0  112.9  108.8 
24  93.6  97.3  99.0    93.0  97.8  100.2 
25  100.4  105.6  102.8    105.5  111.3  108.8 
26  100.1  100.7  100.4    97.6  97.9  98.4 
27  110.5  104.7  109.4    109.4  103.5  110.1 
28  117.3  105.4  120.2    118.2  107.1  121.9 
29  94.2  96.1  96.9    95.2  95.6  99.1 
30  97.3  115.0  108.8    98.7  117.3  111.9 
31  101.8  104.3  103.6    101.5  106.0  106.9 
32  111.2  112.2  114.9    113.8  115.1  116.5 
33  97.8  95.6  103.8    102.0  96.4  107.3 
34  105.8  103.3  99.6    104.5  104.3  104.3 
35  108.4  107.0  99.6    109.1  109.2  102.8 
36  92.1  100.4  110.3    95.1  101.0  113.0 
37  100.1  101.6  104.3    102.2  101.9  105.1 
38  103.6  105.1  103.3    102.4  105.2  103.8 
39  79.4  95.2  97.9    79.3  92.1  97.6 
40  91.3  94.2  107.5    89.6  94.3  107.5 
                 
sum  3966.6  4131.3  4196.0    4007.0  4141.6  4245.6 














SD  8.33  7.69  6.44    8.22  8.02  6.50 






    Descriptive statistics of sample 1   
               
    KW plane - Md plane      cv2ap - Ba   
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  -33.7  -30.9  -30.4    8.1  4.8  8.4 
2  -30.9  -27.7  -20.9    5.6  5.5  4.2 
3  -35.0  -34.8  -29.4    5.5  4.9  6.2 
4  -22.8  -20.4  -16.9    6.4  7.7  6.6 
5  -30.6  -26.8  -20.3    1.2  8.2  7.4 
6  -26.3  -22.8  -20.2    3.8  4.6  5.0 
7  -30.2  -28.5  -22.9    4.1  5.9  4.5 
8  -27.2  -23.0  -21.8    2.3  5.0  4.3 
9  -33.5  -28.7  -29.1    5.5  6.6  5.4 
10  -33.5  -31.7  -31.5    8.3  6.7  9.8 
11  -32.9  -29.1  -26.0    2.5  3.3  6.9 
12  -34.6  -30.3  -28.7    5.0  4.6  3.5 
13  -33.6  -30.9  -29.0    4.7  6.5  7.6 
14  -29.5  -26.6  -25.6    6.6  7.7  8.8 
15  -27.8  -26.2  -21.7    4.3  4.1  4.5 
16  -33.8  -31.0  -27.4    5.3  4.4  5.5 
17  -30.5  -28.5  -29.5    5.5  7.8  5.9 
18  -30.2  -23.8  -19.1    5.1  3.6  1.6 
19  -28.5  -26.6  -25.9    3.9  9.0  4.7 
20  -35.8  -26.6  -30.7    3.8  9.0  7.5 
21  -24.8  -22.3  -21.8    3.6  4.5  4.1 
22  -34.3  -32.4  -31.7    5.3  4.9  7.3 
23  -32.2  -29.7  -28.6    5.3  4.4  5.7 
24  -28.7  -27.1  -22.6    5.2  7.0  7.1 
25  -19.2  -18.3  -17.6    3.9  5.8  2.4 
26  -36.8  -33.8  -33.9    4.3  4.5  6.2 
27  -32.8  -30.0  -28.5    6.6  5.9  6.0 
28  -30.4  -26.7  -26.1    7.2  5.1  5.8 
29  -36.5  -31.9  -31.5    5.8  3.9  3.1 
30  -32.3  -30.0  -27.4    2.7  4.6  5.6 
31  -30.8  -27.2  -29.9    3.1  2.2  3.1 
32  -36.4  -36.2  -30.1    2.7  3.6  4.0 
33  -38.1  -34.3  -31.9    5.8  5.9  4.1 
34  -26.5  -26.2  -21.5    4.3  7.5  5.8 
35  -25.6  -24.2  -23.6    4.2  3.6  5.1 
36  -25.3  -24.9  -23.6    3.7  4.8  2.9 
37  -23.4  -22.4  -17.9    3.3  4.0  4.4 
38  -32.5  -24.3  -20.0    6.5  5.0  6.1 
39  -31.4  -26.0  -27.3    2.0  4.1  6.8 
40  -28.8  -32.1  -24.0    5.9  6.7  6.4 
                 
sum  -1227.7  -1114.9  -1026.5    188.8  217.9  220.3 
mean  -30.7  -27.9  -25.7    4.7  5.4  5.5 
range  -38.1to-19.2  -36.2to-18.3  -33.9to-16.9    1.2to8.3  2.2to9  1.6to9.8 
SD  4.24  4.05  4.62    1.61  1.63  1.78 







    Descriptive statistics of sample 1   
               
    KW plane - Ba      Ba - Op   
               
Subj. no.  T1  T2  T3    T1  T2  T3 
                 
1  8.9  8.1  6.8    42.3  45.7  46.8 
2  6.9  6.8  4.8    33.0  33.4  36.1 
3  5.7  7.2  6.0    38.4  41.3  38.3 
4  8.4  5.3  6.2    40.5  42.8  41.9 
5  7.8  9.0  10.3    37.9  42.0  43.1 
6  3.0  4.5  4.7    35.0  36.3  39.6 
7  8.3  5.1  5.3    33.9  34.8  37.3 
8  6.9  2.9  9.8    37.2  39.9  39.9 
9  5.4  8.1  8.5    31.0  31.0  37.1 
10  7.0  4.3  9.0    41.4  39.3  42.1 
11  12.5  10.6  11.5    33.4  33.4  43.9 
12  8.4  5.3  7.7    33.5  31.6  39.7 
13  4.7  2.8  5.6    39.9  40.8  44.2 
14  6.9  5.8  6.9    44.2  36.1  38.2 
15  5.8  7.1  7.2    31.5  31.5  41.4 
16  9.0  4.8  7.2    30.7  29.0  37.8 
17  8.2  9.9  7.3    41.3  42.4  39.1 
18  9.4  6.8  7.0    35.0  34.7  38.9 
19  6.0  5.6  6.8    41.1  45.6  40.0 
20  7.7  5.6  9.3    34.4  45.6  38.6 
21  6.6  4.6  6.7    38.1  40.0  37.7 
22  2.5  3.9  5.9    38.2  39.9  39.6 
23  9.7  8.0  13.1    34.0  32.2  37.3 
24  5.8  7.4  6.8    31.0  37.0  33.3 
25  4.9  5.6  5.6    39.4  39.9  39.9 
26  4.3  4.1  5.3    33.1  35.6  38.6 
27  5.8  6.6  6.8    39.9  30.9  38.0 
28  7.6  7.3  7.4    34.9  34.9  39.2 
29  10.5  7.3  8.5    37.7  36.3  39.6 
30  5.2  5.7  7.7    32.4  34.2  36.5 
31  7.0  5.5  7.6    36.3  39.4  41.1 
32  6.3  7.5  6.3    33.1  31.5  37.8 
33  7.8  5.9  5.7    34.2  36.2  38.3 
34  9.2  9.9  10.1    39.0  38.4  42.0 
35  3.1  4.7  5.7    34.5  33.8  36.1 
36  5.7  5.3  5.0    32.7  37.6  39.0 
37  7.0  7.2  8.1    34.3  38.2  36.7 
38  7.3  6.5  7.5    36.6  37.5  40.8 
39  8.4  9.9  11.0    31.5  37.2  39.8 
40  7.5  6.5  7.1    39.3  35.6  37.2 
                 
sum  279.1  255.0  295.8    1445.8  1483.5  1572.5 
mean  7.0  6.4  7.4    36.1  37.1  39.3 
range  2.5to12.5  2.8to10.6  4.7to13.1    30.7to44.2  29to45.7  33.3to46.8 
SD  2.05  1.88  1.92    3.57  4.26  2.54 







Descriptive statistics of sample 1 
         
    At - Pt     
         
Subj. no.  T1  T2  T3   
          
1  49.9  51.9  48.9   
2  37.0  40.2  47.6   
3  42.3  48.5  47.0   
4  43.2  48.5  46.9   
5  40.2  47.9  46.6   
6  40.9  44.5  48.0   
7  40.5  41.4  45.3   
8  42.1  42.6  48.1   
9  36.0  40.5  43.4   
10  38.5  40.8  48.3   
11  38.1  39.7  45.7   
12  38.5  40.5  44.5   
13  42.1  44.6  49.0   
14  37.9  41.1  47.0   
15  37.0  39.6  45.9   
16  36.0  38.3  45.6   
17  41.8  45.2  50.3   
18  39.8  39.9  49.2   
19  43.5  45.2  48.4   
20  34.6  39.7  45.6   
21  44.9  49.5  45.9   
22  42.4  43.8  43.7   
23  38.5  39.6  41.5   
24  38.6  46.7  41.9   
25  46.8  47.5  45.7   
26  38.3  41.4  43.4   
27  38.3  41.7  46.9   
28  38.2  40.3  44.2   
29  37.4  39.5  43.5   
30  36.1  37.4  41.3   
31  41.0  45.4  46.3   
32  37.0  37.1  41.8   
33  39.0  39.0  42.5   
34  42.0  40.1  46.8   
35  41.7  44.9  47.4   
36  36.3  37.6  43.2   
37  38.9  40.5  44.7   
38  36.9  39.8  44.4   
39  37.9  41.1  41.5   
40  40.2  37.7  43.7   
          
sum  1590.2  1691.2  1821.6   
mean  39.8  42.3  45.5   
range  34.6to49.9  37.1to51.9  41.3to50.3   
SD  3.14  3.73  2.40   








  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - PM plane       NHA - PM plane   
                   
Subj. no.  O 1st det.  O 2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  84.8  82.6  -2.2  4.8  82.5  81.4  -1.1  1.2 
2  86.3  82.7  -3.6  13.0  86.5  83.7  -2.8  7.8 
3  78.0  75.1  -2.9  8.4  82.7  79.7  -3.0  9.0 
4  84.4  82.4  -2.0  4.0  71.8  68.9  -2.9  8.4 
21  84.9  79.1  -5.8  33.6  90.0  83.1  -6.9  47.6 
22  87.3  84.9  -2.4  5.8  95.4  91.8  -3.6  13.0 
23  83.9  82.5  -1.4  2.0  89.7  86.2  -3.5  12.3 
24  86.0  83.8  -2.2  4.8  89.2  86.3  -2.9  8.4 
sum  675.6  653.1  -22.5  76.4  687.8  661.1  -26.7  107.7 
mean  84.5  81.6  -2.8  9.6  86.0  82.6  -3.3  13.5 
SE mean d       0.5         0.6   
range  78.0to87.3  75.1to84.9      71.8to95.4  68.9to91.8     
s  2.83  3.11      7.10  6.66     
C.V.  3.35  3.81        8.26  8.06       
Dahlberg's         2.19         2.59 
p value         0.00         0.00 
t value         5.81         5.79 




  Sample 2 hard tissue cephalometric analysis method error     
                 
     PM plane - PM vertical       HOR - SN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -1.9  0.4  2.3  5.3  9.9  7.7  -2.2  4.8 
2  -2.6  -1.7  0.9  0.8  9.7  9.2  -0.5  0.3 
3  -5.0  -4.0  1.0  1.0  4.3  4.4  0.1  0.0 
4  -4.5  -3.7  0.8  0.6  17.5  17.2  -0.3  0.1 
21  -5.1  -2.9  2.2  4.8  5.5  5.6  0.1  0.0 
22  -0.9  0.1  1.0  1.0  5.4  4.0  -1.4  2.0 
23  -1.3  0.0  1.3  1.7  4.6  4.6  0.0  0.0 
24  -1.8  -1.1  0.7  0.5  6.9  7.2  0.3  0.1 
sum  -23.1  -12.9  10.2  15.8  63.8  59.9  -3.9  7.3 
mean  -2.9  -1.6  1.3  2.0  8.0  7.5  -0.5  0.9 
SE mean d       0.2         0.3   
range  -5.1to-0.9  -4.0to0.4      4.3to17.5  4.0to17.2     
s  1.72  1.76      4.41  4.33     
C.V.  -59.51  -108.86        55.31  57.77       
Dahlberg's         0.99         0.67 
p value         0.00         0.16 
t value         5.75         1.58 









  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - StN         HOR - NHA     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  13.2  11.3  -1.9  3.6  2.3  1.1  -1.2  1.4 
2  12.2  12.3  0.1  0.0  -0.2  -1.0  -0.8  0.6 
3  7.4  7.3  -0.1  0.0  -4.7  -4.6  0.1  0.0 
4  20.5  20.6  0.1  0.0  12.6  13.5  0.9  0.8 
21  9.0  8.9  -0.1  0.0  -5.1  -4.0  1.1  1.2 
22  7.5  7.3  -0.2  0.0  -8.1  -6.9  1.2  1.4 
23  7.2  7.5  0.3  0.1  -5.9  -3.7  2.2  4.8 
24  9.8  9.8  0.0  0.0  -3.2  -2.5  0.7  0.5 
sum  86.8  85.0  -1.8  3.8  -12.3  -8.1  4.2  10.9 
mean  10.9  10.6  -0.2  0.5  -1.5  -1.0  0.5  1.4 
SE mean d       0.2         0.4   
range  7.2to20.5  7.3to20.6      -8.1to12.6  -6.9to13.5     
s  4.50  4.44      6.59  6.34     
C.V.  41.43  41.83        -428.58  -625.73       
Dahlberg's         0.49         0.82 
p value         0.39         0.22 
t value         0.92         1.33 




  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - FH         HOR - KW plane   
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  1.0  -1.2  -2.2  4.8  -0.6  -0.6  0.0  0.0 
2  -1.7  -2.4  -0.7  0.5  1.3  0.9  -0.4  0.2 
3  -1.5  -3.6  -2.1  4.4  0.0  0.2  0.2  0.0 
4  7.4  7.7  0.3  0.1  11.1  11.3  0.2  0.0 
21  -6.5  -5.7  0.8  0.6  -1.9  -2.2  -0.3  0.1 
22  -3.2  -1.6  1.6  2.6  0.5  -0.3  -0.8  0.6 
23  -3.6  -4.6  -1.0  1.0  -2.4  -2.5  -0.1  0.0 
24  -3.9  -4.4  -0.5  0.3  -0.4  -0.6  -0.2  0.0 
sum  -12.0  -15.8  -3.8  14.3  7.6  6.2  -1.4  1.0 
mean  -1.5  -2.0  -0.5  1.8  1.0  0.8  -0.2  0.1 
SE mean d       0.5         0.1   
range  -6.5to7.4  -5.7to7.7      -2.4to11.1  -2.5to11.3     
s  4.20  4.21      4.27  4.40     
C.V.  -280.09  -212.95        449.81  567.98       
Dahlberg's         0.94         0.25 
p value         0.35         0.18 
t value         1.01         1.49 









  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - P plane         HOR - FOP     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  1.6  1.6  0.0  0.0  -10.7  -12.2  -1.5  2.3 
2  5.5  4.8  -0.7  0.5  -8.1  -8.8  -0.7  0.5 
3  -2.1  -3.0  -0.9  0.8  -9.7  -8.9  0.8  0.6 
4  9.7  7.0  -2.7  7.3  -1.3  -0.7  0.6  0.4 
21  -2.1  -2.8  -0.7  0.5  -9.3  -9.5  -0.2  0.0 
22  1.9  -1.2  -3.1  9.6  -13.6  -13.9  -0.3  0.1 
23  -0.7  -0.1  0.6  0.4  -17.3  -16.9  0.4  0.2 
24  4.1  3.5  -0.6  0.4  -8.1  -6.6  1.5  2.3 
sum  17.9  9.8  -8.1  19.4  -78.1  -77.5  0.6  6.3 
mean  2.2  1.2  -1.0  2.4  -9.8  -9.7  0.1  0.8 
SE mean d       0.4         0.3   
range  -2.1to9.7  -3.0to7.0      -17.3to-1.3  -16.9to-0.7     
s  4.08  3.65      4.63  4.90     
C.V.  182.39  297.76        -47.38  -50.54       
Dahlberg's         1.10         0.63 
p value         0.06         0.83 
t value         2.26         0.22 




  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - Md plane         HOR - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -28.8  -27.0  1.8  3.2  9.2  7.3  -1.9  3.6 
2  -24.4  -25.3  -0.9  0.8  7.6  7.5  -0.1  0.0 
3  -17.6  -18.4  -0.8  0.6  23.8  22.9  -0.9  0.8 
4  -13.6  -14.0  -0.4  0.2  26.9  25.4  -1.5  2.3 
21  -29.5  -29.1  0.4  0.2  16.6  16.6  0.0  0.0 
22  -24.8  -25.2  -0.4  0.2  11.3  12.2  0.9  0.8 
23  -35.1  -35.0  0.1  0.0  3.0  3.3  0.3  0.1 
24  -21.6  -21.8  -0.2  0.0  15.0  17.3  2.3  5.3 
sum  -195.4  -195.8  -0.4  5.2  113.4  112.5  -0.9  12.9 
mean  -24.4  -24.5  0.0  0.7  14.2  14.1  -0.1  1.6 
SE mean d       0.3         0.5   
range  -35.1to-13.6  -35.0to-14.0      3.0to26.9  3.3to25.4     
s  6.87  6.48      8.13  7.85     
C.V.  -28.14  -26.46        57.33  55.84       
Dahlberg's         0.57         0.90 
p value         0.87         0.82 
t value         0.16         0.24 









  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - FML         FML - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  3.3  4.6  1.3  1.7  5.9  2.7  -3.2  10.2 
2  9.3  7.1  -2.2  4.8  -1.7  0.3  2.0  4.0 
3  9.6  9.9  0.3  0.1  14.2  13.0  -1.2  1.4 
4  25.9  27.8  1.9  3.6  1.0  -2.4  -3.4  11.6 
21  5.8  8.1  2.3  5.3  10.7  8.4  -2.3  5.3 
22  6.4  4.5  -1.9  3.6  4.9  7.7  2.8  7.8 
23  -2.4  -2.1  0.3  0.1  5.3  5.4  0.1  0.0 
24  7.5  8.5  1.0  1.0  7.5  8.8  1.3  1.7 
sum  65.4  68.4  3.0  20.2  47.8  43.9  -3.9  42.1 
mean  8.2  8.6  0.4  2.5  6.0  5.5  -0.5  5.3 
SE mean d       0.6         0.8   
range  -2.4to25.9  -2.1to27.8      -1.7to14.2  -2.4to13.0     
s  8.13  8.62      5.04  5.04     
C.V.  99.41  100.82        84.30  91.81       
Dahlberg's         1.12         1.62 
p value         0.54         0.58 
t value         0.64         0.58 




  Sample 2 hard tissue cephalometric analysis method error     
                 
     HOR - OPT         HOR - CVT     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  85.8  84.7  -1.1  1.2  84.1  84.5  0.4  0.2 
2  81.2  82.8  1.6  2.6  80.3  79.9  -0.4  0.2 
3  96.7  95.2  -1.5  2.3  94.6  94.3  -0.3  0.1 
4  90.9  91.7  0.8  0.6  90.4  90.2  -0.2  0.0 
21  90.0  91.8  1.8  3.2  87.1  88.5  1.4  2.0 
22  83.8  82.7  -1.1  1.2  81.4  80.5  -0.9  0.8 
23  80.4  82.3  1.9  3.6  81.5  82.3  0.8  0.6 
24  83.7  83.2  -0.5  0.3  79.2  79.0  -0.2  0.0 
sum  692.5  694.4  1.9  15.0  678.6  679.2  0.6  3.9 
mean  86.6  86.8  0.2  1.9  84.8  84.9  0.1  0.5 
SE mean d       0.5         0.3   
range  80.4to96.7  82.3to95.2      79.2to94.6  79.0to94.3     
s  5.56  5.21      5.44  5.55     
C.V.  6.43  6.00        6.41  6.54       
Dahlberg's         0.97         0.49 
p value         0.66         0.78 
t value         0.47         0.29 









  Sample 2 hard tissue cephalometric analysis method error     
                 
     OPT - StN         CVT - StN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  107.4  106.6  -0.8  0.6  109.1  106.8  -2.3  5.3 
2  111.0  109.5  -1.5  2.3  112.0  112.4  0.4  0.2 
3  90.7  92.0  1.3  1.7  92.8  93.0  0.2  0.0 
4  109.6  109.0  -0.6  0.4  110.1  110.4  0.3  0.1 
21  99.0  97.1  -1.9  3.6  101.9  100.4  -1.5  2.3 
22  103.7  104.6  0.9  0.8  106.2  106.8  0.6  0.4 
23  106.8  105.2  -1.6  2.6  105.6  105.2  -0.4  0.2 
24  106.2  106.7  0.5  0.3  110.6  110.8  0.2  0.0 
sum  834.4  830.7  -3.7  12.2  848.3  845.8  -2.5  8.4 
mean  104.3  103.8  -0.5  1.5  106.0  105.7  -0.3  1.0 
SE mean d       0.4         0.4   
range  90.7to111.0  92.0to109.5      92.8to112.0  93.0to112.4     
s  6.61  6.12      6.27  6.38     
C.V.  6.34  5.90        5.91  6.04       
Dahlberg's         0.87         0.72 
p value         0.32         0.42 
t value         1.07         0.85 




  Sample 2 hard tissue cephalometric analysis method error     
                 
     KW plane - Md plane       cv2ap - Ba     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -28.2  -26.3  1.9  3.6  6.8  10.3  3.5  12.3 
2  -25.7  -26.1  -0.4  0.2  8.3  9.3  1.0  1.0 
3  -17.6  -18.6  -1.0  1.0  6.9  6.9  0.0  0.0 
4  -24.7  -25.3  -0.6  0.4  4.9  6.7  1.8  3.2 
21  -27.6  -26.9  0.7  0.5  5.4  8.8  3.4  11.6 
22  -25.3  -25.0  0.3  0.1  5.3  6.5  1.2  1.4 
23  -32.8  -32.5  0.3  0.1  7.6  7.9  0.3  0.1 
24  -21.2  -21.2  0.0  0.0  6.8  6.8  0.0  0.0 
sum  -203.1  -201.9  1.2  5.8  52.0  63.2  11.2  29.6 
mean  -25.4  -25.2  0.1  0.7  6.5  7.9  1.4  3.7 
SE mean d       0.3         0.5   
range  -32.8to-17.6  -32.5to-18.6      4.9to8.3  6.5to10.3     
s  4.57  4.10      1.20  1.42     
C.V.  -18.02  -16.25        18.39  17.99       
Dahlberg's         0.60         1.36 
p value         0.65         0.03 
t value         0.47         2.81 









  Sample 2 hard tissue cephalometric analysis method error     
                 
     KW plane - Ba         Ba - Op     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  3.0  3.8  0.8  0.6  41.3  41.9  0.6  0.4 
2  5.8  4.9  -0.9  0.8  40.6  44.3  3.7  13.7 
3  7.1  7.1  0.0  0.0  42.8  42.1  -0.7  0.5 
4  10.0  11.4  1.4  2.0  39.1  40.0  0.9  0.8 
21  5.9  6.6  0.7  0.5  41.0  37.1  -3.9  15.2 
22  4.7  3.7  -1.0  1.0  41.4  45.1  3.7  13.7 
23  0.0  0.3  0.3  0.1  47.0  41.7  -5.3  28.1 
24  6.1  6.5  0.4  0.2  44.4  42.3  -2.1  4.4 
sum  42.6  44.3  1.7  5.2  337.6  334.5  -3.1  76.8 
mean  5.3  5.5  0.2  0.6  42.2  41.8  -0.4  9.6 
SE mean d       0.3         1.2   
range  0.0to10.0  0.3to11.4      39.1to47.0  37.1to45.1     
s  2.94  3.23      2.49  2.47     
C.V.  55.12  58.36        5.89  5.92       
Dahlberg's         0.57         2.19 
p value         0.49         0.75 
t value         0.73         0.33 




Sample 2 hard tissue cephalometric analysis method error 
           
     At - Pt       
            
Subj. no.  1st det.  2nd det.  d  d*d   
1  52.2  50.4  -1.8  3.2   
2  49.0  51.0  2.0  4.0   
3  56.7  56.3  -0.4  0.2   
4  44.0  45.2  1.2  1.4   
21  49.3  47.5  -1.8  3.2   
22  53.1  53.1  0.0  0.0   
23  54.0  52.1  -1.9  3.6   
24  52.2  51.0  -1.2  1.4   
sum  410.5  406.6  -3.9  17.1   
mean  51.3  50.8  -0.5  2.1   
SE mean d       0.5     
range  44.0to56.7  45.2to56.3       
s  3.85  3.37       
C.V.  7.51  6.64         
Dahlberg's         1.03   
p value         0.38   
t value         0.93   











Sample 2: HOR - EN plane measurement method error 
           
     HOR - EN plane     
            
Subj. no.  O 1st det.  O 2nd det.  d  d*d   
1  -1.5  -1.1  0.4  0.2   
2  -3.0  -3.1  -0.1  0.0   
3  -1.8  -2.2  -0.4  0.2   
4  7.7  7.2  -0.5  0.3   
21  -7.5  -7.9  -0.4  0.2   
22  -3.4  -3.9  -0.5  0.3   
23  -0.1  -0.8  -0.7  0.5   
24  1.5  1.3  -0.2  0.0   
sum  -8.1  -10.5  -2.4  1.5   
mean  -1.0  -1.3  -0.3  0.2   
SE mean d       0.1     
range  -7.5to7.7  -7.9to7.2       
s  4.40  4.37       
C.V.  -434.77  -332.94         
Dahlberg's         0.31   
p value         0.04   
t value         2.51   






























  Sample 2: hard tissue descriptive statistics.     
           
           
  HOR - PM plane  NHA - PM plane  PM plane - PM vertical  HOR - SN  HOR - StN 
Subj. no.            
1  84.8  82.5  -1.9  9.9  13.2 
2  86.3  86.5  -2.6  9.7  12.2 
3  78.0  82.7  -5.0  4.3  7.4 
4  84.4  71.8  -4.5  17.5  20.5 
5  83.4  82.6  -3.6  9.9  12.2 
6  93.3  94.1  0.1  6.5  9.0 
7  83.4  88.0  -0.2  6.5  9.2 
8  87.7  95.3  -0.1  2.0  4.5 
9  93.5  88.9  -2.0  13.7  16.3 
10  88.8  85.7  -0.1  15.6  18.5 
11  86.0  87.1  -1.5  13.0  15.5 
12  86.2  89.4  -1.1  9.4  11.7 
13  86.6  83.9  -0.8  13.8  16.5 
14  84.8  83.1  0.3  12.1  15.2 
15  89.5  84.0  -0.9  17.5  19.7 
16  84.1  79.0  -1.6  16.3  18.6 
17  91.4  87.5  1.5  12.7  15.6 
18  89.7  92.0  -2.7  8.8  11.6 
19  87.0  83.4  0.6  13.5  15.9 
20  85.7  84.1  -5.2  11.4  14.4 
21  84.9  90.0  -5.1  5.5  9.0 
22  87.3  95.4  -0.9  5.4  7.5 
23  83.9  89.7  -1.3  4.6  7.2 
24  86.0  89.2  -1.8  6.9  9.8 
25  81.9  87.7  -1.9  7.3  9.7 
26  87.1  86.9  -2.9  12.3  14.9 
27  92.1  88.1  0.2  15.0  17.8 
28  91.1  95.4  -0.5  2.0  5.7 
29  88.1  81.9  -1.3  17.2  20.0 
30  82.2  84.6  -1.0  6.4  9.5 
31  80.8  82.5  -3.2  8.5  11.3 
32  84.6  91.1  -2.3  5.6  8.6 
33  85.5  86.8  0.8  7.4  9.8 
34  88.0  88.6  0.5  9.4  12.2 
35  83.1  80.6  -5.4  10.8  13.2 
36  85.4  84.5  -1.6  11.2  15.1 
37  78.0  85.2  -1.0  4.9  7.6 
38  77.3  81.9  0.3  6.6  10.3 
39  90.2  88.6  0.8  10.8  13.4 
40  81.0  83.3  -1.3  7.5  10.1 
            
sum  3433.1  3453.6  -60.2  389.4  500.4 
mean  85.8  86.3  -1.5  9.7  12.5 
range  77.3to93.5  71.8to95.4  -5.4to1.5  2.0to17.5  4.5to20.5 
SD  3.90  4.74  1.79  4.20  4.14 








  Sample 2: hard tissue descriptive statistics.     
           
           
  HOR - NHA  HOR - FH  HOR - KW plane  HOR - P plane  HOR - FOP 
Subj. no.            
1  2.3  1.0  -0.6  1.6  -10.7 
2  -0.2  -1.7  1.3  5.5  -8.1 
3  -4.7  -1.5  0.0  -2.1  -9.7 
4  12.6  7.4  11.1  9.7  -1.3 
5  0.9  2.0  2.5  6.5  -8.2 
6  -0.8  2.0  1.3  5.9  -10.0 
7  -4.7  -4.1  -1.3  -1.3  -10.2 
8  -7.6  -4.8  -5.1  2.0  -11.5 
9  4.6  0.3  3.3  6.1  -4.2 
10  3.1  1.5  3.9  4.8  -5.2 
11  -1.1  0.5  2.6  -0.3  -8.6 
12  -3.2  -4.3  -3.5  0.4  -11.3 
13  2.7  3.8  5.0  2.6  -9.0 
14  1.7  1.7  0.7  -4.5  -9.7 
15  5.4  4.1  8.6  8.3  -4.9 
16  5.1  3.8  7.7  6.6  -4.0 
17  3.9  -0.4  2.9  3.6  -12.3 
18  -2.3  0.1  3.0  7.1  -9.6 
19  3.6  2.1  4.3  3.9  -5.0 
20  1.6  2.9  6.9  3.4  -10.8 
21  -5.1  -6.5  -1.9  -2.1  -9.3 
22  -8.1  -3.2  0.5  1.9  -13.6 
23  -5.9  -3.6  -2.4  -0.7  -17.3 
24  -3.2  -3.9  -0.4  4.1  -8.1 
25  -5.8  -6.0  -5.9  2.2  -10.5 
26  0.1  -0.9  0.9  4.0  -9.2 
27  4.0  3.4  2.6  9.0  -4.2 
28  -4.3  -1.4  2.6  2.9  -5.8 
29  6.2  2.8  6.4  4.3  -6.1 
30  -2.3  -3.7  -1.1  -5.5  -15.3 
31  -1.7  -3.0  1.0  -4.1  -13.1 
32  -6.5  -6.0  0.2  1.1  -15.1 
33  -1.3  -3.9  -2.6  0.3  -6.8 
34  -0.6  -0.6  0.8  -0.6  -8.4 
35  2.6  -0.4  -0.7  -4.6  -19.9 
36  0.9  -2.4  -0.6  2.2  -11.1 
37  -7.2  -5.1  -5.3  2.1  -15.6 
38  -4.6  -17.1  -13.1  -2.4  -17.4 
39  1.6  -1.6  1.5  1.3  -9.4 
40  -2.3  -4.5  -1.4  0.5  -11.1 
            
sum  -20.6  -51.2  35.7  85.7  -391.6 
mean  -0.5  -1.3  0.9  2.1  -9.8 
range  -8.1to12.6  -17.1to7.4  -13.1to11.1  -5.5to9.7  -19.9to-1.3 
SD  4.49  4.19  4.33  3.79  4.05 








  Sample 2: hard tissue descriptive statistics     
           
           
  HOR - Md plane  HOR - AtPt  HOR - FML  FML - AtPt  HOR - OPT 
Subj. no.            
1  -28.8  9.2  3.3  5.9  85.8 
2  -24.4  7.6  9.3  -1.7  81.2 
3  -17.6  23.8  9.6  14.2  96.7 
4  -13.6  26.9  25.9  1.0  90.9 
5  -28.9  14.0  1.1  16.0  90.4 
6  -24.0  24.2  14.4  9.8  89.7 
7  -16.5  27.0  10.7  16.3  92.7 
8  -25.6  7.6  7.1  0.5  84.5 
9  -13.9  15.0  8.1  6.9  84.5 
10  -22.9  24.0  5.3  18.6  95.8 
11  -26.7  11.1  5.3  5.8  87.5 
12  -18.6  -1.1  2.2  -3.3  83.8 
13  -17.1  18.3  13.4  4.9  85.3 
14  -29.5  16.5  12.2  4.3  87.2 
15  -23.5  21.2  17.2  4.0  88.7 
16  -28.2  23.9  12.8  11.2  97.2 
17  -29.1  11.9  10.8  1.1  88.4 
18  -22.1  18.3  6.1  12.2  91.4 
19  -20.9  30.6  17.5  13.1  101.6 
20  -23.5  26.7  14.2  12.5  106.9 
21  -29.5  16.6  5.8  10.7  90.0 
22  -24.8  11.3  6.4  4.9  83.8 
23  -35.1  3.0  -2.4  5.3  80.4 
24  -21.6  15.0  7.5  7.5  83.7 
25  -28.6  17.1  1.1  16.0  85.8 
26  -22.1  8.6  3.3  5.3  82.0 
27  -20.2  20.4  14.4  9.8  91.8 
28  -15.2  19.3  10.0  9.3  99.9 
29  -25.6  19.5  13.2  6.3  83.5 
30  -26.8  9.8  3.1  6.7  78.7 
31  -25.4  19.1  12.3  6.8  91.6 
32  -24.2  18.8  12.5  6.3  91.9 
33  -16.8  18.3  9.2  9.0  91.1 
34  -25.1  15.3  8.5  6.8  79.3 
35  -27.7  22.7  13.6  9.1  103.1 
36  -29.0  9.2  3.5  5.7  87.4 
37  -30.0  23.5  3.1  20.5  105.7 
38  -33.0  13.0  -5.0  5.0  82.9 
39  -25.2  16.0  12.1  3.9  86.7 
40  -27.3  17.4  3.3  14.0  89.1 
            
sum  -968.6  670.6  342.0  322.2  3578.6 
mean  -24.2  16.8  8.6  8.1  89.5 
range  -35.1to-13.6  -1.1to30.6  -5.0to25.9  -3.3to20.5  78.7to106.9 
SD  5.16  6.93  5.95  5.36  7.01 








  Sample 2: hard tissue descriptive statistics     
           
           
  HOR - CVT  OPT - StN  CVT - StN  KW plane - Md plane  cv2ap - Ba 
Subj. no.            
1  84.1  107.4  109.1  -28.2  6.8 
2  80.3  111.0  112.0  -25.7  8.3 
3  94.6  90.8  92.8  -17.6  6.9 
4  90.4  109.6  110.1  -24.7  4.9 
5  88.4  101.9  103.8  -31.4  9.0 
6  85.1  99.3  103.9  -25.4  7.1 
7  88.0  96.6  101.2  -15.3  4.8 
8  82.9  100.0  101.6  -20.6  8.1 
9  81.0  111.8  115.4  -17.1  5.4 
10  93.3  102.7  105.3  -26.8  2.0 
11  80.4  108.0  115.1  -29.3  6.9 
12  83.4  107.9  108.4  -15.1  6.4 
13  84.9  111.3  111.6  -22.1  10.0 
14  85.9  108.1  109.3  -30.2  4.3 
15  83.3  111.0  116.5  -32.1  6.7 
16  94.3  101.4  104.3  -35.9  6.3 
17  88.4  107.2  107.2  -32.0  7.0 
18  90.0  100.2  101.6  -25.1  5.2 
19  98.2  94.3  97.6  -25.2  5.0 
20  100.8  87.5  93.6  -30.4  3.2 
21  87.1  99.0  101.9  -27.6  5.4 
22  81.4  103.7  106.2  -25.3  5.3 
23  81.5  106.8  105.6  -32.8  7.6 
24  79.2  106.2  110.6  -21.2  6.8 
25  82.8  103.9  106.9  -22.7  7.2 
26  77.4  112.9  117.5  -23.0  5.1 
27  88.1  106.0  109.6  -22.8  3.6 
28  88.7  85.8  97.0  -17.8  4.9 
29  81.2  116.5  118.8  -32.0  2.7 
30  74.1  110.8  115.4  -25.8  5.6 
31  84.9  99.7  106.4  -26.4  7.2 
32  85.4  96.6  103.2  -24.5  4.1 
33  87.6  98.7  102.2  -14.2  5.2 
34  77.6  112.9  114.7  -25.9  4.2 
35  97.8  90.1  95.4  -27.1  6.9 
36  77.7  107.8  117.5  -28.4  4.8 
37  101.0  81.9  86.6  -24.8  3.0 
38  80.5  107.4  109.8  -20.0  5.1 
39  86.2  106.6  107.1  -26.6  8.7 
40  82.9  101.0  107.2  -25.9  3.9 
            
sum  3440.8  4122.3  4260.0  -1005.0  231.6 
mean  86.0  103.1  106.5  -25.1  5.8 
range  74.1to101.0  81.9to116.5  86.6to118.8  -35.9to-14.2  2.0to10.0 
SD  6.47  8.00  7.36  5.18  1.80 








  Sample 2: hard tissue descriptive statistics 
       
       
  KW plane - Ba  Ba - Op  At - Pt 
Subj. no.        
1  3.0  41.3  52.2 
2  5.8  40.6  49.0 
3  7.1  42.8  56.7 
4  10.0  39.1  44.0 
5  4.9  42.7  51.3 
6  9.5  42.2  60.1 
7  7.3  35.4  47.5 
8  8.9  42.3  58.3 
9  3.2  38.2  47.2 
10  1.0  41.7  51.5 
11  2.0  42.4  55.1 
12  4.1  41.6  51.0 
13  6.4  44.3  52.2 
14  7.8  38.9  47.3 
15  7.0  46.9  59.8 
16  3.8  42.5  54.6 
17  5.4  39.0  48.0 
18  2.1  38.6  47.9 
19  9.0  39.3  48.9 
20  4.8  37.7  48.9 
21  5.9  41.0  49.3 
22  4.7  41.4  53.1 
23  0.0  47.0  54.0 
24  6.1  44.4  52.2 
25  5.2  42.7  47.7 
26  1.6  38.9  48.5 
27  0.5  42.2  50.2 
28  5.4  42.0  55.6 
29  4.3  36.2  43.1 
30  2.8  38.9  52.6 
31  7.3  37.3  47.7 
32  8.5  40.0  48.5 
33  8.1  39.4  49.9 
34  5.1  38.2  48.2 
35  11.0  44.4  48.3 
36  2.7  38.4  43.7 
37  5.1  35.3  45.8 
38  6.5  46.4  53.9 
39  7.4  39.9  44.4 
40  3.1  37.5  47.5 
        
sum  214.4  1629.0  2015.7 
mean  5.4  40.7  50.4 
range  0.0to11.0  35.3to47.0  43.1to60.1 
SD  2.69  2.92  4.19 








Sample 2: HOR - EN plane descriptive statistics 
       
       
    HOR - EN plane   
  Subj. no.      
  1  -1.5   
  2  -3   
  3  -1.8   
  4  7.7   
  5  -2.1   
  6  -2.2   
  7  -3.5   
  8  -8   
  9  0.3   
  10  4.2   
  11  3.7   
  12  -1.7   
  13  -2.3   
  14  4.9   
  15  0.1   
  16  2.9   
  17  0.2   
  18  2.5   
  19  1.2   
  20  4.1   
  21  -7.5   
  22  -3.4   
  23  -0.1   
  24  1.5   
  25  -2.2   
  26  -4.4   
  27  2.7   
  28  16.1   
  29  0.1   
  30  -3.5   
  31  -7   
  32  -3.6   
  33  -3.9   
  34  -0.1   
  35  -8.7   
  36  4.9   
  37  -3.9   
  38  -12.8   
  39  2   
  40  -2.4   
        
  sum  -30.5   
  mean  -0.8   
  range  -12.8to16.1   
  SD  4.99   









  Sample 3: hard tissue measurements method error     
                 
     HOR - PM plane         NHA - PM plane     
                   
Subj. no.  O 1st det.  O 2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  80.9  79.8  -1.1  1.2  82.3  80.1  -2.2  4.8 
21  84.3  86.3  2.0  4.0  89.4  89.9  0.5  0.3 
22  85.5  84.3  -1.2  1.4  90.3  87.6  -2.7  7.3 
23  82.3  80.1  -2.2  4.8  84.6  81.3  -3.3  10.9 
24  75.2  74.3  -0.9  0.8  81.5  80.4  -1.1  1.2 
25  78.3  76.0  -2.3  5.3  80.0  77.5  -2.5  6.3 
26  80.1  78.0  -2.1  4.4  82.1  78.8  -3.3  10.9 
27  82.1  80.3  -1.8  3.2  86.0  83.1  -2.9  8.4 
sum  648.7  639.1  -9.6  25.2  676.2  658.7  -17.5  50.0 
mean  81.1  79.9  -1.2  3.2  84.5  82.3  -2.2  6.3 
SE mean d       0.5         0.5   
range  75.2to85.5  74.3to86.3      80.0to90.3  77.5to89.9     
s  3.29  3.98      3.78  4.33     
C.V.  4.06  4.98        4.47  5.26       
Dahlberg's         1.26         1.77 
p value         0.05         0.00 
t value         2.42         4.78 




  Sample 3: hard tissue measurements method error     
                 
     PM plane - PM vertical       HOR - SN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -2.7  -2.6  0.1  0.0  8.0  5.4  -2.6  6.8 
21  -0.5  0.0  0.5  0.3  6.2  5.4  -0.8  0.6 
22  -1.1  0.9  2.0  4.0  7.0  5.6  -1.4  2.0 
23  -1.5  -1.8  -0.3  0.1  9.5  9.9  0.4  0.2 
24  -4.0  -4.0  0.0  0.0  3.1  3.0  -0.1  0.0 
25  -1.3  -1.6  -0.3  0.1  11.2  10.7  -0.5  0.3 
26  -2.9  -3.0  -0.1  0.0  6.0  5.8  -0.2  0.0 
27  -3.0  -3.6  -0.6  0.4  5.5  5.6  0.1  0.0 
sum  -17.0  -15.7  1.3  4.8  56.5  51.4  -5.1  9.8 
mean  -2.1  -2.0  0.2  0.6  7.1  6.4  -0.6  1.2 
SE mean d       0.3         0.3   
range  -4.0to-0.5  -4.0to0.9      3.1to11.2  3.0to10.7     
s  1.19  1.71      2.51  2.56     
C.V.  -56.18  -87.24        35.48  39.87       
Dahlberg's         0.55         0.78 
p value         0.59         0.11 
t value         0.57         1.86 









  Sample 3: hard tissue measurements method error     
                 
     HOR - StN         HOR - NHA     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  11.2  8.5  -2.7  7.3  -1.4  -0.3  1.1  1.2 
21  8.6  8.4  -0.2  0.0  -5.1  -3.6  1.5  2.3 
22  9.0  8.3  -0.7  0.5  -4.8  -3.3  1.5  2.3 
23  12.0  12.6  0.6  0.4  -2.3  -1.2  1.1  1.2 
24  5.3  5.4  0.1  0.0  -6.3  -6.0  0.3  0.1 
25  14.3  13.7  -0.6  0.4  -1.7  -1.5  0.2  0.0 
26  8.7  8.5  -0.2  0.0  -2.0  -0.8  1.2  1.4 
27  7.9  8.8  0.9  0.8  -3.9  -2.8  1.1  1.2 
sum  77.0  74.2  -2.8  9.4  -27.5  -19.5  8.0  9.7 
mean  9.6  9.3  -0.4  1.2  -3.4  -2.4  1.0  1.2 
SE mean d       0.4         0.2   
range  5.3to14.3  5.4to13.7      -6.3to-1.4  -6.0to-0.3     
s  2.78  2.64      1.83  1.87     
C.V.  28.84  28.47        -53.37  -76.88       
Dahlberg's         0.77         0.78 
p value         0.40         0.00 
t value         0.90         5.74 




  Sample 3: hard tissue measurements method error     
                 
     HOR - FH         HOR - KW plane   
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -4.2  -4.6  -0.4  0.2  -1.9  -1.8  0.1  0.0 
21  -2.7  -2.4  0.3  0.1  -3.0  -3.4  -0.4  0.2 
22  -3.9  -5.1  -1.2  1.4  -4.2  -4.7  -0.5  0.3 
23  -1.7  -1.8  -0.1  0.0  -1.8  -2.2  -0.4  0.2 
24  -6.6  -7.8  -1.2  1.4  -3.8  -4.0  -0.2  0.0 
25  -6.6  -6.7  -0.1  0.0  -3.1  -2.9  0.2  0.0 
26  -2.9  -2.7  0.2  0.0  -1.8  -1.3  0.5  0.3 
27  -4.8  -4.2  0.6  0.4  2.4  2.4  0.0  0.0 
sum  -33.4  -35.3  -1.9  3.6  -17.2  -17.9  -0.7  0.9 
mean  -4.2  -4.4  -0.2  0.4  -2.2  -2.2  -0.1  0.1 
SE mean d       0.2         0.1   
range  -6.6to-1.7  -7.8to-1.8      -4.2to2.4  -4.7to2.4     
s  1.78  2.11      2.05  2.19     
C.V.  -42.61  -47.75        -95.58  -97.83       
Dahlberg's         0.47         0.24 
p value         0.35         0.50 
t value         1.01         0.71 









  Sample 3: hard tissue measurements method error     
                 
     HOR - P plane       HOR - FOP     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -2.5  -2.4  0.1  0.0  -16.3  -17.5  -1.2  1.4 
21  1.3  0.3  -1.0  1.0  -12.0  -11.7  0.3  0.1 
22  -5.7  -0.3  5.4  29.2  -14.9  -15.3  -0.4  0.2 
23  0.8  0.7  -0.1  0.0  -14.9  -15.3  -0.4  0.2 
24  -4.5  -5.6  -1.1  1.2  -12.4  -13.0  -0.6  0.4 
25  -5.5  -6.0  -0.5  0.3  -18.1  -18.6  -0.5  0.3 
26  -4.5  -6.1  -1.6  2.6  -18.3  -19.7  -1.4  2.0 
27  -1.7  -2.5  -0.8  0.6  -13.5  -14.7  -1.2  1.4 
sum  -22.3  -21.9  0.4  34.8  -120.4  -125.8  -5.4  5.9 
mean  -2.8  -2.7  0.1  4.4  -15.1  -15.7  -0.7  0.7 
SE mean d       0.8         0.2   
range  -5.7to1.3  -6.1to0.7      -18.3to-12.0  -19.7to-11.7     
s  2.74  2.86      2.40  2.73     
C.V.  -98.29  -104.51        -15.92  -17.37       
Dahlberg's         1.48         0.61 
p value         0.95         0.01 
t value         0.06         3.39 




  Sample 3: hard tissue measurements method error     
                 
     HOR - Md plane         HOR - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -29.8  -28.3  1.5  2.3  21.6  21.6  0.0  0.0 
21  -21.5  -21.5  0.0  0.0  15.2  15.8  0.6  0.4 
22  -19.8  -19.2  0.6  0.4  4.4  5.5  1.1  1.2 
23  -31.0  -30.9  0.1  0.0  16.3  15.9  -0.4  0.2 
24  -27.1  -26.9  0.2  0.0  17.9  17.3  -0.6  0.4 
25  -31.2  -31.0  0.2  0.0  16.8  16.2  -0.6  0.4 
26  -36.5  -36.4  0.1  0.0  18.6  18.2  -0.4  0.2 
27  -20.2  -20.3  -0.1  0.0  13.9  15.0  1.1  1.2 
sum  -217.1  -214.5  2.6  2.7  124.7  125.5  0.8  3.8 
mean  -27.1  -26.8  0.3  0.3  15.6  15.7  0.1  0.5 
SE mean d       0.2         0.3   
range  -36.5to-19.8  -36.4to-19.2      4.4to21.6  5.5to21.6     
s  6.09  6.06      5.08  4.61     
C.V.  -22.45  -22.60        32.60  29.36       
Dahlberg's         0.41         0.49 
p value         0.12         0.71 
t value         1.78         0.39 









  Sample 3: hard tissue measurements method error     
                 
     HOR - FML         FML - AtPt     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  9.0  8.1  -0.9  0.8  12.6  13.4  0.8  0.6 
21  2.7  2.5  -0.2  0.0  12.5  13.2  0.7  0.5 
22  4.7  0.2  -4.5  20.3  4.4  5.2  0.8  0.6 
23  12.9  11.9  -1.0  1.0  3.4  4.0  0.6  0.4 
24  6.6  5.0  -1.6  2.6  11.3  12.2  0.9  0.8 
25  6.6  4.3  -2.3  5.3  11.3  11.9  0.6  0.4 
26  6.6  13.2  6.6  43.6  11.3  5.1  -6.2  38.4 
27  16.6  16.7  0.1  0.0  -2.8  -1.7  1.1  1.2 
sum  65.7  61.9  -3.8  73.5  64.0  63.3  -0.7  43.0 
mean  8.2  7.7  -0.5  9.2  8.0  7.9  -0.1  5.4 
SE mean d       1.1         0.9   
range  2.7to16.6  0.2to16.7      -2.8to12.6  -1.7to13.4     
s  4.53  5.75      5.67  5.55     
C.V.  55.13  74.27        70.84  70.10       
Dahlberg's         2.14         1.64 
p value         0.69         0.92 
t value         0.42         0.10 




  Sample 3: hard tissue measurements method error     
                 
     HOR - OPT         HOR - CVT     
                   
Subj. no.  1
st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  87.9  87.6  -0.3  0.1  85.1  84.4  -0.7  0.5 
21  100.0  99.9  -0.1  0.0  92.9  93.4  0.5  0.3 
22  77.3  80.5  3.2  10.2  77.5  77.9  0.4  0.2 
23  77.0  78.9  1.9  3.6  67.5  68.8  1.3  1.7 
24  93.8  94.8  1.0  1.0  85.1  84.8  -0.3  0.1 
25  85.3  86.3  1.0  1.0  82.6  83.0  0.4  0.2 
26  84.7  82.4  -2.3  5.3  77.9  77.3  -0.6  0.4 
27  89.0  90.7  1.7  2.9  81.6  82.4  0.8  0.6 
sum  695.0  701.1  6.1  24.1  650.2  652.0  1.8  3.8 
mean  86.9  87.6  0.8  3.0  81.3  81.5  0.2  0.5 
SE mean d       0.6         0.2   
range  77.0to100.0  78.9to99.9      67.5to92.9  68.8to93.4     
s  7.77  7.25      7.38  7.13     
C.V.  8.94  8.27        9.09  8.75       
Dahlberg's         1.23         0.49 
p value         0.24         0.39 
t value         1.29         0.91 









  Sample 5: hard tissue measurements method error     
                 
     OPT - StN         CVT - StN     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  103.3  101.0  -2.3  5.3  106.1  104.1  -2.0  4.0 
21  88.6  88.5  -0.1  0.0  95.7  95.0  -0.7  0.5 
22  111.7  107.8  -3.9  15.2  111.5  110.4  -1.1  1.2 
23  115.0  113.6  -1.4  2.0  124.5  123.7  -0.8  0.6 
24  91.5  90.6  -0.9  0.8  100.3  100.6  0.3  0.1 
25  109.0  107.4  -1.6  2.6  111.7  110.7  -1.0  1.0 
26  104.0  106.1  2.1  4.4  110.8  111.1  0.3  0.1 
27  98.9  98.1  -0.8  0.6  106.4  106.5  0.1  0.0 
sum  822.0  813.1  -8.9  30.9  867.0  862.1  -4.9  7.5 
mean  102.8  101.6  -1.1  3.9  108.4  107.8  -0.6  0.9 
SE mean d       0.6         0.3   
range  88.6to115.0  88.5to113.6      95.7to124.5  95.0to123.7     
s  9.36  8.80      8.63  8.53     
C.V.  9.11  8.65        7.97  7.92       
Dahlberg's         1.39         0.69 
p value         0.11         0.07 
t value         1.82         2.15 




  Sample 3: hard tissue measurements method error     
                 
     KW plane - Md plane       cv2ap - Ba     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -27.8  -26.5  1.3  1.7  5.0  6.5  1.5  2.3 
21  -18.5  -18.1  0.4  0.2  4.6  4.6  0.0  0.0 
22  -15.6  -14.5  1.1  1.2  3.6  4.6  1.0  1.0 
23  -29.2  -28.7  0.5  0.3  5.6  5.6  0.0  0.0 
24  -23.3  -22.8  0.5  0.3  3.8  2.8  -1.0  1.0 
25  -28.1  -28.1  0.0  0.0  3.4  4.0  0.6  0.4 
26  -34.7  -35.1  -0.4  0.2  4.7  5.8  1.1  1.2 
27  -22.6  -22.7  -0.1  0.0  5.1  4.8  -0.3  0.1 
Sum  -199.8  -196.5  3.3  3.7  35.8  38.7  2.9  5.9 
Mean  -25.0  -24.6  0.4  0.5  4.5  4.8  0.4  0.7 
SE mean d       0.2         0.3   
Range  -34.7to-15.6  -35.1to-14.5      3.4to5.6  2.8to6.5     
S  6.19  6.48      0.79  1.15     
C.V.  -24.80  -26.39        17.67  23.75       
Dahlberg's         0.48         0.61 
p value         0.08         0.26 
t value         2.01         1.23 









  Sample 3: hard tissue measurements method error     
                 
     KW plane - Ba       Ba - Op     
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  7.5  7.4  -0.1  0.0  39.5  43.1  3.6  13.0 
21  3.5  3.4  -0.1  0.0  33.6  33.6  0.0  0.0 
22  2.8  3.0  0.2  0.0  35.4  34.8  -0.6  0.4 
23  9.6  8.3  -1.3  1.7  35.1  34.1  -1.0  1.0 
24  6.2  5.4  -0.8  0.6  34.3  34.5  0.2  0.0 
25  3.1  4.2  1.1  1.2  34.3  34.0  -0.3  0.1 
26  8.6  8.8  0.2  0.0  34.3  35.3  1.0  1.0 
27  8.5  8.2  -0.3  0.1  35.3  33.2  -2.1  4.4 
sum  49.8  48.7  -1.1  3.7  281.8  282.6  0.8  19.9 
mean  6.2  6.1  -0.1  0.5  35.2  35.3  0.1  2.5 
SE mean d       0.3         0.6   
range  2.8to9.6  3.0to8.8      33.6to39.5  33.2to43.1     
s  2.75  2.37      1.83  3.21     
C.V.  44.10  38.89        5.21  9.09       
Dahlberg's         0.48         1.11 
p value         0.60         0.87 
t value         0.54         0.17 




Sample 3: hard tissue measurements method error 
           
     At - Pt       
            
Subj. no.  1st det.  2nd det.  d  d*d   
1  47.0  49.0  2.0  4.0   
21  47.7  47.7  0.0  0.0   
22  50.5  46.5  -4.0  16.0   
23  39.2  39.0  -0.2  0.0   
24  38.4  39.7  1.3  1.7   
25  43.6  41.5  -2.1  4.4   
26  38.7  38.6  -0.1  0.0   
27  38.3  37.7  -0.6  0.4   
sum  343.4  339.7  -3.7  26.5   
mean  42.9  42.5  -0.5  3.3   
SE mean d       0.7     
range  38.3to50.5  37.7to49.0       
s  4.94  4.55       
C.V.  11.51  10.70         
Dahlberg's         1.29   
p value         0.51   
t value         0.70   









Sample 3: EN plane - KW plane measurement method error. 
             
     EN plane - KW plane       
              
Subj. no.  O 1st det.  O 2nd det.  d  d*d     
1  1.4  1.4  0.0  0.0     
2  -7.8  -7.6  0.2  0.0     
3  -8.4  -8.5  -0.1  0.0     
4  -0.7  -0.7  0.0  0.0     
21  0.6  0.6  0.0  0.0     
22  -5.8  -5.8  0.0  0.0     
24  0.6  0.7  0.1  0.0     
25  4.0  4.0  0.0  0.0     
sum  -16.1  -15.9  0.2  0.1     
mean  -2.0  -2.0  0.0  0.0     
SE mean d       0.0       
range  -8.4to4.0  -8.5to4.0         
s  4.66  4.65         
C.V.  -231.40  -233.96           
Dahlberg's         0.06     
p value         0.45     
t value         0.80     
error %  0.02  0.02         
 
 
Table 110.  
  Sample 3: In - KW plane and Nt - KW plane reliability   
                 
     In - KW plane       Nt - KW plane   
                   
Subj. no.  1st det.  2nd det.  d  d*d  1st det.  2nd det.  d  d*d 
1  -4.6  -4.6  0.0  0.0  -2.8  -2.8  0.0  0.0 
2  6.4  6.3  -0.1  0.0  -7.9  -7.8  0.1  0.0 
3  6.7  7.1  0.4  0.2  -7.9  -8.0  -0.1  0.0 
4  -6.3  -5.8  0.5  0.3  -7.5  -7.3  0.2  0.0 
21  -8.9  -8.6  0.3  0.1  -8.0  -7.7  0.3  0.1 
22  4.4  4.3  -0.1  0.0  -5.8  -5.8  0.0  0.0 
24  -3.9  -3.9  0.0  0.0  -3.2  -2.7  0.5  0.3 
25  -12.2  -11.9  0.3  0.1  -3.7  -3.4  0.3  0.1 
sum  -18.4  -17.1  1.3  0.6  -46.8  -45.5  1.3  0.5 
mean  -2.3  -2.1  0.2  0.1  -5.9  -5.7  0.2  0.1 
SE mean d       0.1         0.1   
range  -12.2to6.7  -11.9to7.1      -8.0to-2.8  -8.0to-2.7     
s  7.24  7.15      2.29  2.36     
C.V.  -314.82  -334.39        -39.14  -41.48       
Dahlberg's         0.20         0.18 
p value         0.10         0.05 
t value         1.93         2.30 








  Sample 3: hard tissue descriptive statistics   
           
           
  HOR - PM plane  NHA - PM plane  PM plane - PM vertical  HOR - SN  HOR - StN 
Subj. no.            
1  80.9  82.3  -2.7  8.0  11.2 
2  81.6  88.5  -4.0  4.4  6.6 
3  80.0  81.7  -2.2  6.6  9.0 
4  76.7  83.6  -2.4  1.6  4.0 
5  82.4  89.3  -3.8  3.8  6.6 
6  81.1  85.5  -0.6  7.7  10.3 
7  90.3  92.5  0.1  6.9  9.0 
8  82.3  82.6  -1.0  10.5  13.0 
9  77.1  84.8  -4.7  3.8  6.4 
10  83.0  82.0  -2.2  9.5  12.6 
11  73.5  84.6  2.2  -2.3  -12.2 
12  70.5  77.5  -2.5  4.5  7.0 
13  82.6  82.7  -0.8  12.3  15.4 
14  82.6  83.2  2.1  8.4  10.7 
15  81.5  83.6  1.5  9.6  12.1 
16  72.7  82.4  0.9  -0.7  1.2 
17  73.3  82.4  -2.4  5.1  7.4 
18  76.3  84.9  -0.7  1.4  3.7 
19  70.6  77.1  -1.3  5.0  7.9 
20  73.3  82.2  -3.4  3.0  6.3 
21  84.3  89.4  -0.5  6.2  8.6 
22  85.5  90.3  -1.1  7.0  9.0 
23  82.3  84.6  -1.5  9.5  12.0 
24  75.2  81.5  -4.0  3.1  5.3 
25  78.3  80.0  -1.3  11.2  14.3 
26  80.1  82.1  -2.9  6.0  8.7 
27  82.1  86.0  -3.0  5.5  7.9 
28  75.2  85.0  -0.1  3.0  5.2 
29  84.1  87.0  -0.2  6.7  10.0 
30  81.4  90.2  -1.5  2.4  5.4 
31  71.9  82.3  -1.6  -2.2  0.6 
32  76.7  81.7  -2.0  5.1  7.1 
33  75.6  83.8  2.1  2.1  4.8 
34  87.5  83.0  0.4  11.7  14.1 
35  78.8  76.4  -0.9  9.5  11.8 
36  87.4  88.9  1.4  8.2  10.4 
37  92.1  83.9  1.1  19.2  21.8 
38  89.4  85.3  -0.4  12.0  14.3 
39  80.9  87.5  1.8  4.4  7.2 
40  83.6  83.8  -1.8  10.9  13.5 
            
Sum  3204.7  3366.1  -43.9  250.6  340.2 
Mean  80.1  84.2  -1.1  6.3  8.5 
Range  70.5to92.1  76.4to92.5  -4.7to2.2  -2.3to19.2  -12.2to21.8 
SD  5.37  3.55  1.83  4.29  5.31 








  Sample 3: hard tissue descriptive statistics   
           
           
  HOR - NHA  HOR - FH  HOR - KW plane  HOR - P plane  HOR - FOP 
Subj. no.            
1  -1.4  -4.2  -1.9  -2.5  -16.3 
2  -6.9  -4.3  -8.8  -2.5  -14.5 
3  -1.7  -3.9  -6.8  3.0  -16.4 
4  -6.9  -5.5  -5.9  -3.1  -16.4 
5  -6.9  -8.7  -3.3  -3.6  -16.2 
6  -4.4  -2.6  3.3  -7.2  -12.7 
7  -2.3  -5.2  -0.5  1.8  -11.5 
8  -0.3  -1.9  2.1  1.6  -13.8 
9  -7.7  -5.3  -2.5  -1.5  -14.8 
10  1.0  -2.3  2.8  3.2  -7.4 
11  -11.1  -8.2  -10.6  -4.6  -17.1 
12  -6.9  -10.8  -6.9  -5.0  -16.4 
13  -0.1  -2.0  0.7  7.7  -10.2 
14  -0.6  1.7  5.3  3.2  -15.0 
15  -2.2  -4.6  -0.8  -2.9  -15.1 
16  -9.7  -9.6  -8.7  -10.0  -21.5 
17  -9.1  -9.0  -5.1  -3.5  -20.6 
18  -8.6  -4.4  -5.3  1.3  -11.2 
19  -6.6  -6.0  -6.7  -0.9  -19.7 
20  -8.9  -7.6  -5.2  -8.5  -18.6 
21  -5.1  -2.7  -3.0  1.3  -12.0 
22  -4.8  -3.9  -4.2  -5.7  -14.9 
23  -2.3  -1.7  -1.8  0.8  -14.9 
24  -6.3  -6.6  -3.8  -4.5  -12.4 
25  -1.7  -6.6  -3.1  -5.5  -18.1 
26  -2.0  -2.9  -1.8  -4.5  -18.3 
27  -3.9  -4.8  2.4  -1.7  -13.5 
28  -9.8  -10.7  -6.9  -8.6  -18.2 
29  -2.9  -3.4  -5.0  -1.3  -6.0 
30  -8.8  -9.3  -8.2  -5.2  -12.1 
31  -10.4  -11.3  -8.4  -7.9  -20.7 
32  -5.0  -8.2  -5.0  -1.1  -18.3 
33  -8.2  -9.0  -6.1  -6.6  -18.1 
34  4.5  6.8  6.7  7.2  -0.9 
35  2.4  -4.3  -3.1  5.2  -14.0 
36  -1.5  -2.9  -1.6  3.3  -13.5 
37  8.2  7.9  10.2  11.7  -3.0 
38  4.2  1.0  0.8  3.2  -6.6 
39  -6.6  -6.5  -4.2  -3.2  -16.9 
40  -0.2  -1.9  0.6  3.3  -9.5 
            
Sum  -161.5  -185.4  -110.3  -53.8  -567.3 
Mean  -4.0  -4.6  -2.8  -1.3  -14.2 
Range  -11.1to8.2  -11.3to7.9  -10.6to10.2  -10to11.7  -21.5to-0.9 
SD  4.49  4.18  4.54  4.88  4.67 








  Sample 3: hard tissue descriptive statistics   
           
           
  HOR - Md plane  HOR - AtPt  HOR - FML  FML - AtPt  HOR - OPT 
Subj. no.            
1  -29.8  21.6  9.0  12.6  87.9 
2  -29.4  12.4  -2.2  14.7  92.3 
3  -27.5  4.0  -3.9  7.9  83.9 
4  -28.8  3.8  -1.2  5.0  94.1 
5  -22.2  18.4  16.3  2.1  96.4 
6  -20.6  8.1  9.6  -1.5  86.8 
7  -22.3  22.4  9.1  13.4  98.7 
8  -25.4  16.1  6.7  9.4  105.2 
9  -26.0  11.7  5.8  5.9  89.0 
10  -24.6  20.1  11.9  8.2  97.5 
11  -23.7  9.1  -7.7  16.8  94.4 
12  -37.2  8.6  2.5  6.2  81.6 
13  -26.6  17.9  6.7  11.2  100.1 
14  -17.4  17.4  17.5  -0.1  96.5 
15  -31.0  16.0  6.1  9.8  98.8 
16  -30.1  10.8  -1.0  11.8  96.3 
17  -29.2  10.1  -0.8  10.9  90.5 
18  -19.5  15.6  0.3  15.3  96.7 
19  -31.3  2.1  -2.2  4.4  98.6 
20  -24.3  5.2  -0.5  5.8  90.0 
21  -21.5  15.2  2.7  12.5  100.0 
22  -19.8  4.4  4.7  4.4  77.3 
23  -31.0  16.3  12.9  3.4  77.0 
24  -27.1  17.9  6.6  11.3  93.8 
25  -31.2  16.8  6.6  11.3  85.3 
26  -36.5  18.6  6.6  11.3  84.7 
27  -20.2  13.9  16.6  -2.8  89.0 
28  -22.7  4.4  1.2  3.3  78.0 
29  -23.8  9.1  -0.2  9.3  86.7 
30  -26.2  5.8  -4.7  10.5  81.1 
31  -37.9  5.2  -2.4  7.7  73.7 
32  -34.0  12.8  -1.0  13.8  92.4 
33  -28.4  -2.2  2.7  -4.9  81.4 
34  -15.4  18.0  14.2  3.8  87.5 
35  -22.3  9.8  17.5  -0.1  83.0 
36  -26.5  15.3  3.5  11.8  87.2 
37  -10.1  22.7  18.3  4.4  99.7 
38  -17.8  13.2  4.4  8.9  85.7 
39  -25.2  4.6  4.5  0.1  73.3 
40  -23.2  17.8  5.5  12.3  85.7 
            
sum  -1027.7  491.0  202.2  302.1  3577.8 
mean  -25.7  12.3  5.1  7.6  89.4 
range  -37.9to-10.1  -2.2to22.7  -7.7to18.3  -4.9to16.8  73.3to105.2 
SD  5.91  6.26  6.73  5.33  7.98 








  Sample 3: hard tissue descriptive statistics   
           
           
  HOR - CVT  OPT - StN  CVT - StN  KW plane - Md plane  cv2ap - Ba 
Subj. no.            
1  85.1  103.3  106.1  -27.8  5.0 
2  85  94.3  101.6  -20.6  4.5 
3  78.0  105.1  111.1  -20.7  5.9 
4  90.6  89.9  93.4  -22.9  4.5 
5  90.5  90.1  96.1  -18.9  5.3 
6  83.9  103.5  106.4  -23.8  7.1 
7  93.9  90.3  95.0  -21.8  4.1 
8  99.5  87.8  93.5  -27.6  5.5 
9  85.0  97.4  101.4  -23.5  5.4 
10  92.8  95.2  99.9  -27.5  4.8 
11  92.3  85.6  87.7  -13.0  4.0 
12  75.1  105.5  111.9  -30.3  2.9 
13  90.3  95.3  105.1  -27.3  4.1 
14  95.5  94.1  95.1  -22.7  7.3 
15  96.7  93.3  95.4  -30.2  7.1 
16  96.2  85.0  85.0  -21.4  7.3 
17  88.2  96.9  99.2  -24.1  7.4 
18  89.7  87.0  94.1  -14.2  3.1 
19  92.2  89.4  95.7  -24.6  4.6 
20  88.8  96.3  97.5  -19.1  8.1 
21  92.9  88.6  95.7  -18.5  4.6 
22  77.5  111.7  111.5  -15.6  3.6 
23  67.5  115.0  124.5  -29.2  5.6 
24  85.1  91.5  100.3  -23.3  3.8 
25  82.6  109.0  111.7  -28.1  3.4 
26  77.9  104.0  110.8  -34.7  4.7 
27  81.6  98.9  106.4  -22.6  5.1 
28  90.5  107.3  96.1  -15.8  5.2 
29  79.9  103.3  110.0  -18.8  5.3 
30  74.1  104.3  111.3  -18.0  4.7 
31  68.4  106.9  112.2  -29.5  8.9 
32  86.4  94.7  100.7  -29.0  2.9 
33  77.5  103.4  107.3  -22.3  9.3 
34  84.1  106.7  110.1  -22.0  8.6 
35  76.3  108.8  115.5  -19.2  4.4 
36  81.4  103.1  109.0  -24.9  6.7 
37  91.1  102.1  110.7  -20.4  4.7 
38  77.7  108.6  116.6  -18.6  2.8 
39  71.4  113.9  115.8  -21.1  4.2 
40  79.4  107.8  114.1  -23.8  2.0 
            
sum  3392.6  3974.9  4161.5  -917.4  208.5 
mean  84.8  99.4  104.0  -22.9  5.2 
range  67.5to99.5  85to115  85to124.5  -34.7to-13  2to9.3 
SD  8.02  8.33  8.89  4.85  1.76 








  Sample 3: hard tissue descriptive statistics 
         
         
  KW plane - Ba  Ba - Op  At - Pt   
Subj. no.          
1  7.5  39.5  47.0   
2  4.4  38.8  45.7   
3  1.9  37.8  43.5   
4  2.7  32.9  43.4   
5  12.4  37.1  46.2   
6  4.0  36.3  42.9   
7  6.0  36.2  40.3   
8  2.7  34.4  41.8   
9  4.9  34.0  42.6   
10  5.9  37.3  41.3   
11  1.8  35.4  45.4   
12  6.4  38.9  47.2   
13  3.9  37.2  44.8   
14  7.5  35.6  39.7   
15  4.9  40.3  44.8   
16  5.0  37.2  44.0   
17  2.8  37.4  44.8   
18  4.1  41.6  52.0   
19  2.8  36.5  44.6   
20  3.3  41.1  45.8   
21  3.5  33.6  47.7   
22  2.8  35.4  50.5   
23  9.6  35.1  39.2   
24  6.2  34.3  38.4   
25  3.1  34.3  43.6   
26  8.6  34.3  38.7   
27  8.5  35.3  38.3   
28  4.8  34.2  42.4   
29  3.4  40.9  50.8   
30  1.9  31.3  38.9   
31  3.8  36.6  42.8   
32  2.1  29.8  39.1   
33  6.2  40.5  44.3   
34  4.3  32.9  42.2   
35  0.0  35.6  39.7   
36  3.1  34.7  38.9   
37  5.1  35.9  46.4   
38  2.2  35.3  42.3   
39  6.1  40.5  46.7   
40  2.9  34.1  41.4   
          
sum  183.1  1450.1  1740.1   
mean  4.6  36.3  43.5   
range  0to12.4  29.8to41.6  38.3to52   
SD  2.45  2.73  3.50   








Sample 3: EN plane - KW plane, In - KW plane, and Nt - KW plane descriptive statistics. 
           
           
    EN plane - KW plane  In - KW plane  Nt - KW plane   
  Subj. no.          
  1  1.4  -4.6  -2.8   
  2  -7.8  6.4  -7.9   
  3  -8.4  6.7  -7.9   
  4  -0.7  -6.3  -7.5   
  5  2.7  -5.2  -10.1   
  6  -0.7  0.6  0.0   
  7          
  8  1.9  -5.8  -2.4   
  9  -2.9  -3.0  -7.7   
  10  -1.3  -3.2  -6.2   
  11  0.0  -7.2  -6.3   
  12          
  13  0.3  -6.9  -5.7   
  14  1.6  -6.4  -3.9   
  15  -1.2  -3.7  -5.9   
  16  -1.6  -3.3  -6.3   
  17  0.4  -5.4  -3.8   
  18  -9.2  15.4  -1.6   
  19          
  20  -5.3  6.5  -1.6   
  21  0.6  -8.9  -8.0   
  22  -5.8  4.4  -5.8   
  23          
  24  0.6  -3.9  -3.2   
  25  4.0  -12.2  -3.7   
  26          
  27  7.9  -11.9  1.3   
  28  -3.3  3.0  -3.0   
  29  -6.2  6.0  -5.1   
  30  -3.1  0.6  -4.6   
  31  -5.5  4.9  -5.2   
  32  7.1  -16.7  -4.3   
  33  -1.8  1.2  -2.7   
  34  3.9  -10.3  -4.7   
  35  5.4  2.4  -6.6   
  36  0.7  -11.4  -9.6   
  37          
  38  -7.7  10.3  -3.6   
  39  -1.5  1.2  -2.2   
  40  -1.3  -2.4  -4.5   
            
  sum  -36.8  -69.0  -163.0   
  mean  -1.1  -2.0  -4.8   
  range  -9.18to7.91  -16.65to15.41  -10.08to1.25   
  SD  4.26  7.11  2.58   
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